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ft was intended that 1his> voliimr shunicl eimtain the piiyla Chaelog- 
natha, Echinodermata, and Hemichordata. However, ihv nnitcrial on 
Echinodermata proved so voluminwis iliat the noevssity of devoting an 
entire volume to this phylum became apparent as tlu* text neared ourn- 
pletion. Although devoting a whole vc»luiii(* to tH-hlinMlerms somewhat 
upsets my plan for the ooelomale phyla, the in elusion of two smaller 
groups with echinoderms would have rawnl iliflieiihies. for the remniuinii 
small coelomatc phyla (Sipimeuloida, KHoprocta, Phorouida, hraehio- 
poda) would prcsnmahly not have .snftiml to fill the next volume; hut 
imlusion with thorn of one of the remaining phyla, all very large, would 
again have made too large a volume. SpHiting one of those lui^e phyla 
between two volumes would certainly have been uimcceptuhle. There- 
fore it i8anticipaee<l that Volume V will dispusc of all the small voelomate 
phyla (('haefc^natha, Ilemichonlata, Slpuiieuloldn, ICcloprocta, Brachio- 
poda, and Phorouida), leaving the three remaining invertebrate phyla * 
MoIIuw'b, Annelida (including Kehiuniideaj, .Vrthropoda (In the broad 
senne)- for future volumes. It is expected that \'olumo VI will deal 
u'i t h Mol I usca. W hat disposa I wi 1 1 l>e ma<l c* of l a id ig ra<l <‘s, oi ly c* h ophores . 
and linguatulids hos not been decided. 

Clcographical distribution has lK*en much more ext en.dvely treated in 
• he present than in the preccxling volumes which no doubt were somewhat 
deficient in regard to this topic. The conspicuotis place occupied by 
cchinoderms in the littoral marine fauna has seemed to justify devoting 
considerable apace to their distribution. However, the collection and 
collation of this material has been very laborious and time-consuming and 
I now wonder whether the discussion of geographical distribution will be 
worth to readers the labor it cost and the space it occupies in the volume. 

1 may say that I have found eohinoderms a tough proposition but 1 
have dealt with them to the best of my ability. Relieving that the 
subject of palaeontology Is best left to palaeontologists 1 have Imtcd the 
extinct groups of echinoderms as briefly as possible. It did not seem 
pi'oper to omit them alt<«ether. Dr. Otto Haas of the department of 
invertebrate palaeontolo©- of this museum has been very obliging in 
giving me access to fossil echinoderms in the collections in his department. 

1 have made all of the original drawings in this book. Those of live 
ecliinoderms were executed during a stay in the summer of 1952 at the 
museum’s Lerner Marine Laboratory on the island of North Bimini in the 
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Bahamas. I am grateful to the <lirector, Dr. C. M. Breder, for the 
facilities of the lahoratorv. Other original drawings were made from dry 
material in the museum’s collections. Illustrations taken from the 
literature ha\-e Iwen reproduced by photc^raphy when the onginals are 
in black and white, but other types of illustration give a dull effect whci. 
leproduceil by photography, and therefore I have copied these as faith- 
fully ns possible in line and stipple. To the comment that enlargement 
is not indicated in my i I Inst rations ! reply that this seems to me of no 
consciiuence; the point is to make the drawing large enough to show the 
required details clearly. 

Dr Elisabeth Deichmann of the Museum of Comparative Zoology, 
Harvard, and Dr. A. H. Clark of the United States National Museum 
have been most kind about answering inquiries concei ning holothuroids 
and crinoids, respective))’. I wsh here to pay tribute to the memory 
of’H, L. Clark, Th. Mortensen, W. K- Fisher, and A. H. Clark, whose 
lifelong devotion to the study of echinoderms has added greatly to our 
knowledge of frhoxc animals. 

I also here Kalutc the echinoderms as a noble group especially designed 
to pujiile the siooU^ist. 


LlliDlE !Unri(>tta Hymas* 
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CHAPTKl? XV 


THE ENTEROCOELOUS COELOMATES 
ECHmODERMATA 


PHYLUM 


I. HISTORICAL 

The c^hinodcrms, bcinn cunuiion uh«| iuhis niarlm* niiiinals huvc* hech 

known amiem litucs. Tlw oaim* I>lnii<*J(TM*ai:i Tn luivi- originated 

with Jftrol) Klein who. however. it only (o •vhinoiilv Linntinoi ilk 

the lOth edition flj5Ri ot hU SiMtrMo ttofftau Megnhtt nil idviilohnilo except 
i nwv u 1 0 one c\mh. VeruieH. Th i >. « bh huI hI iv i n ti» r Ue otih \tHrsUun. SU kiln spb . 

Testappn, UtliOphyta, and Zoo|)hyia. lJiiiineu*> iIhI not omploy tie* term cehino. 
tierm; he placed the grijeru that he knew iiiii. tCchiHMh, Mn<l ftoli/thi/rig ~*oiulel' 

the Rnmp MnlluHca, which ineluthtl tv variety of naketl. warty, or spiiiy unlmoM, 8ncli 
fts naked njolhiaka, some polyehaete>j, a few eoclenteraten an<l cleimphoKs, imd 
I*riaptihie. PoiwiMjr iJnnaeui^ aurmixetl some rc^latkkjixhip Ixnwcen nrid 

Eekinui a» the Intter follow# the former in the text, Imii Holo/huria i$ »mnewh»i 
removed from them. The name l>liiivo«lerm«tu wa< revivetl hy Hnigiiiere (1 71)1; 
who divided the Vermes into aix onlera: Infusoria. Intestino. Mollnnra. KehiiuHler^ 
mala, Teatacee, and Zoophytn, ICehinoderinoia wax (hua rveognixed iis a distinct 
group of mveriebralea. Hrngni^ premmlHl excellent Hgnres of a iiumlwr of echintk- 
derma belonging to the atteroid. opMnroicl. and erhinoid gfcHjps hut apparent lyTniled 
to reahie the echmoderm nature of the holoihuroidx. I^marrk greatly improved 
the claasifi« lory arrangement of the invert ebnitea. rcTOgniaing in ISO I seven (losses: 
Mollusca, Cruslncea. Arnehnida. Inseeta, Vermes. Radiata. and Polvpi;I)ut was less 
fortunaU with regard to ecMnoderms. which he plaeed in the elaxs Uadiata. Radiolo 
WM divided into two orders, hVrhinodermes and Mollasses. In the former, astCKkids 
echinoide, and hololhuroids were inehided, so that Umarek may be erediled with 
having realised the relationship of the hololhuroids to the spiny types of eehinoderms 

»f th* phylum; but MoH.w, medusoid 
Zr.i,di 7 * "*' uiitortun.lc awoci.lioi. of tho two 

aSie-lSW) Lamarck added other claaaea of inverlehrales {Infuaoria Annelida 
Cirripcdi*, Tunicat.) but continurt to retain the aaeoriation of echinoderma with 

reeogniaing four e a.^,; 

R^di.ta or Zoophytl con.ia.ed of 
o«^a^n J t7. h«re the higher 

IhTtorof rteR » P^rhapa reeognired by Cuvier'a placing them at 

n wrch Tv 7'“';'"*'’“'" proximity to the coelenteratea 

tald^e of Pl««d them, Cuvier’a arrangement ahowa little under- 

echinoderma with th ^ 7*"^ y**™. and prominent aoologiata continued to ally the 

D their textb<Kdt of invertebrate anatomy separated Echino- 
1 
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dermata a i^rimp loordinjaf witli the other mam invertebrate groups. In 1854 
beuckart reitenuod lirinly his |)osition that the prevailing Radiata concept was false 
and that the KchiiUMh'nnata must be regarded as a separate main division of the 
nnimul kingdom, si mo their grade of structure is obt-iously higher than that of the 
coclcn to rates with which they had long been united. The correctness of Louckart's 
position has l>ecn unanimously recognised since the middle of the nineteenth century. 
Since ihul time the iCchinodermata have genernlly been regarded as a distinct phylum 
of invertebrates. 

Attempts, however, have not been wanting to include the ech inode rms in a larger 
aascinbluge based on embryological considerations. This was a natural outcome of 
the rise of investigations into invertebrate (>mbryolog>' during the last half of the 
ninctccnih century. Huxley in 1875 proposed a group Deuterostomata for all the 
coelomato Uiinterin. basing the name on the lack of relationship of the mouth to the 
blastopore. Deuterostomata was divided into three categories: l^nterocoela for 
echiitoderms, rhnetngnnths, aud enteropneusts; Schizocoela for moUusks, polychaetes, 
tiud arthropods: and lOpicoela for tunicates aod .tinphioxus. liuxley displayed 
remaikahle |H'i>pkMci(y in thus anticipating much later views on the claasihr story 
arrangement of roelomates. A little later Metsehnikoff (1881) pointed out the 
striking res<'mblan(*e Wlween the larvae of echmoderms and enteropneusts and pro* 
posed to unite l>oth groups under the name .kmbulaeraria.^ Although this concept 
was accepted by IIul^ehek ( 188 $). it gainetl little further support, for its lack of sufR- 
eient breadth soon became evident. Apparently Goette (1902) was the first to 
broaden the conception to include Chaetognatha. Knteropneiista, l*>hinodermAta, 
and Chordata in one category that he named Pleurogastrica. At the same time K. C. 
Rchneider (1 1102) presented the same assemblage of the four enterocotloua phyla under 
the name ICntcroeoelia and was perhaps the hr:(t to place this assemblage at the top of 
the animal series. It remained for Grol>ben t1tK)8) to elarify and further promulgate 
the grouping of the four enteroroelous phyla under one classihcalory division that he 
ndlod Deutcrostomia. l«ater Grobben carried the concept to the extremity of making 
a phylum of Deutcrostomia and reducing the enterocoelous phyla to the rank of sub- 
phyla and classes. It is improbable that this exlmiie view w’ill find any acceptance, 
hut an increasing teodency ia e^ddent in larger soologieal works to place the inverte- 


brate enterocoelous phyla in proximity, and to lead from them directly to the chor- 
datos. This arrangement, for instance, appears in the new* Traiti de soo/ogi'e in which 
the enterocoelous phyla (except Chaetognatha) are treated iu the Inst of the volumes 
•m invertebrates. As previously explained, this procedure has not been adopted io 
the present treatise simply because the chordates arc altogether omitted and cannot 
serve as a climax to which the Deuleroelomia lead: hence it appears better to dispose 
of the Deutcrostomia at a level of the treatise commensurate with Iheir gradc of struc- 
ture. The terms Dcuterostomia aod Eatcrocoela or enterocoelous coelom a tes arc 
here regarded as synonymous. They include the four phyla Chaetognatha, EcTiino- 
dermata, Hemichordata, and Chordata. \Mtereis, as discussed in Chap XV the 
inclusion of the Chaetognatha io this assemblage is dubious, there appears little 
doubt at the present time of a relationsliip between ItchinodermaU, Hemichordata 
and Chordata. This relationship, however, is too remote to justify the inclusion of 
these groups in a single phylum or even a superphyUim. The terms Deutcrostomia 
or Enterocoela are convenient expressions to indicate certain similarities of embryo- 
logical development but should not. in the author's opinion, be employed as Uxonomio 
categories. 

The ouUtanding modem treatmenl of the eehinoderms i, that of Cudnol (1648) 

' P«=>5tently spelled AmbuUcmli. by »11 later authors, whether by mistake or 
intention the author was unable to disco*'«r. 
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in Volunje XI gf llie TroiU de zooiogU u’JiK J by P. Grass^). This aocouiil is almost 
loUlly wanting in information on th«‘ pliysiolog}' and ecology of echinoUertiiB but 
includes the extinct groups. The section on eihinoderms hy liather (1000) in Lankea- 
Icr’a A iffaliu on sooto^y is still useful i>ccausc of (be extensive eonaideration given to 
the fossil forms. The five volumes on echinoderms by Ludwig in Bronn’s Kl<us^n und 
Ordnungen dca Tierrwks present the moat exhaustive available account of tlie phylum 
uud therefore remain of value despite their age (IS80-I907K but naturally must be 
supplemented by more recent literature. .\n iiitcivsting though brief ucrount , empha- 
sizing natural-history aspects, is given by Mortenaen and Llol>erklnd !llt28) In the 
series /)/« Tientell Her .Vord- und OMtee. Tremendous inont^rajdis are in ])rf>gres.s on 
the Ixhmoidca by Morleniwn and on the ree«*nl Crinoide.n by H. Clark, aii<l large 
volumes on the .\8leroldea hove l)cen puUlisli.>d by . K. Kish<*r. .U r(>n8j>jeuou8 
fuarine animals, the eehinoderma hove nlwavK l>oen c»f gr»«ai i«ten*st to zcKdogista and 
lovers of natural history and therefore have e>'oked a largo literature, 


II. CHARACTERS OF THE PHYLUM 

1. Definition. -The !•> fun otic mm la or ochiiiiHlvrnw are enterocoelous 
eovUmiatea, having u pontaradlate lotwt rue lion derlvcsl from an original 
bilalprality, without definite head or bruin, with a 
;«keleli 2 ji.of separate plates or pieces, often fearing exlmml spines or 
prot\if)erance.H, and with a water- t'aacidar system of coelojtdc natni'e 
that sends numerous small projections (irodia) to the exterior and 
communicates with the cxicrnal medium hy a pore or cluster of pores 
at least in juvenile stages. ’ 

2- General Characters.- -The phylum Echinodermata as remarked 
by BaUter (1900) is “one of the l>esl charade rioted and most distinct 
phyla of the animal kingdom.’* It is recognized at once by the pro- 
nounced radial symmetry, nearly always penlamerous and involving the 
alisencc of a definite anterior end or head, and by the general spiny or 
warty appearance, The echiiioderms are readily differentiated from the 
other radiate phyla (Chiidaria and Ctenophora) by their hollow interior 
and thejr general higher grade of organisation. The echinoderms are 
animals of modest to considerable siw; none are microscopic They 
are for the mpst part free-moving although derived from sessile ancestor 
and wssiie stalked forms still survive in the class Crinoidea. The body 
IS ei^er of simple contour, rounded to cylindrical, or star-like with 
si^mple arms (nearly always five or some multiple of five in number) 

tlw central body, which may or may not be atUchod by a stalk The 

^ calcareous 

sDbv LTrf Echinodermata from the Greek echino, 

sp n^ and *rma, skm) that va^^ from small bumps or bosses to long 

HXhuroS °r however, wanting in the ciaJ 

Holothuroidea whose members, ir^tead, are often warty. As in other 

adiatc animals the body » differentiated into oral and aboral surfaces; 
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holothurians, h()\ve\or, arc OTQ,'\y-&^yoTQ\\y elongated and lie upon one 
side that is often somewhat flrt'ened. .Steroids and echinoids move 
with the oral surface against the substrate, butcmioidsj w.heUier^tt ached 
or free, keep the aboral surface against the sul>strutc and diieet the oral 
surface upward. This was also the orientation of most extinct classes 
of cchinoderms. On lh( su-iace of an cchinoderm are found five (or 
sometimes more) symmetrically spaccil radiating simple or 1) ranched 
grooves or hands tormwl ambulacra, at whi<'h the podia of the water- 
vascvilar system project to the cxtiTior. The areas of the surface 
between the ambulacra are termed intcrradii or intcrambuhera (Fig. 1/i). 

( 'I'he of an mit^r epidermis, a m iryUf rUmik nr 

of connective t issue, and a lining roeiomie epithelium o r pcrifoneim. 
The (Tennis (»on tain s and nroduee ^ whu-h ia tons arr^hffrT' 

skeleton. This ondoskel eton is one of the imat cht^rnr>t«^ii)<t.if» rsf 

' the phylum and is r arciv wanting. It may consist of closely fitted 
^ ^ plates forming a sh ell, usually called or 

sinall separated jneces i*a lled a^gictes. h \ the holothurians these ossicles 
take the form of microscopic bits str ewn in the dermis . ThoTxicrna iiy 
projecting spines and lulierclos arc also parts of the endoskeleton and 
arc el otli c3 CTT epuTerm i s . i^ei lojt l h the derm i a o<*(* u m su<* h m use u 1 atu re_ 
as is present In the body wall: this is well dpvolnpf^H in \{yo fhe 

Kolbthunan^ ith very litt i*- h»t iw v^aitpIv f^vj dent in 

forms like pr>hinnuis tUflI. an olflttorQio j 

I ‘The u' 0 /cr-ra.ic«far s if stem, peculiar toechinoderm8,is a system of tubes 
filled with a watery fluid that courses along the inner surface of the 
^ ambulacra from the mouth region to their tips. A ring canal encircles 
^ the esophagus and gives off a radial canal along each ambulacrum; from 
the radial canals branches extend into the pedio, which are hollow external 
. projections serving as food-gathering, locomotor;^', or sensory mechanisms. 

, Food gathering was undoubtedly. I heir original functiorr From the ring 
canal in one of the interradii, a canal extends to the aboral surface in 
asteroids and echinoids, opening hy a hijdroporc. When the hydropore 
splits up into numerous channels through a plate of the endoskeleton, 
the latter is called madreporile. The canal itself is usually called stone 
canal, because in most cases it is hardened by calcareous impregnation. 
In ophiuroids the hydropore is situated on the oral surface, and in most 
holothuroids and present crinoids one or more stone canals open freely 
into the coelom, without reaching the surface; but a hydropore is always 
^present during development.! 

The nervous system is somewhat primitive, consisting of networks 
concentrated into ganglionated nerve cords that follow the radiate 
pattern. There are generally three such networks present at different 
levels of the echmoderm. The oral or tcloneurol system is located at the 
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base of or shortly beneath the or al cp idennix ainl is constituted mainly 
of a ring or pentagon uronrul the esophagus and a ganglionatcd strand 
from this along each ambnluerum to its tip. This oral system is the 
main part of the nervous system in all the living ochimxlenn classes 
rxeept Cvinohlea. uhore it is ctiiiiiiiisheil iri import anee in the adult. 
The deeper- lying hfj^murut and the oborai or totoiuuraf syst<*nis arc 
patterned similarly to the oral sy.-letn, but more weakly developed, 
except in erinoids where the a bora I system dominates. TIunv is a punt 
development of .senM* organs in the phylum. 

The interior of the eeliiiuHlenn forms a .spaeioiiN cikOoiu u(’<'npied 


mainly by the digestive and 


It* I ) n k1 u <•! i \ e sy st e i n.s : 


e.xce))t in erinoids 


where the inierinr is I i lied secomhirily by wel^s and slrand.s ol ctmiiective 


tiH.sue. The eidiinoderms are inie c«Hdomate uniintils of the enlerocoelons 


category (11, pagi* *i?;. The nature of a irne eiK'loni was explained in 
VoUiine ll. (pages I 24). A trueeoidoin is a space in the (^ntomeKoderm 
separating the IuhIv wall, typieally composi*d i»r epidermal, eonnoetive 
tissue, atid imisenlur layers, from the digi'Mive tuU*. alsr) typically eom« 
posed of eijjtheliul, eoniieclive tissue, and imjseulur layers. Tin* eoelom 
is lined by an e)hth(4iutn of tnesiMleriuul origin, eulleil by (he geu<*ral 
(erm that lines the inner surface c»f the body wall as the 

parietal peritoneum ami clothes the outer snrfan* of ilie digestive tube 
and other visiera as the viM'crul peritoneum. .Vny organ that projecls 
into the coelom is supported ])y a mesentery eompi>s<‘d of two peritoneal 
layers (11, page 24, Kig. 7('). Thejv Is typically a dorsal and u ventral 
ineHentery for the clig<*stive (iil>e, but in e<'hintMlenns these mesenteries, 
although pi'Csonl in ejnbryos, are iirnn* c»r less wanting in (he adult, 
especially the ventral mesentery; and U*cau»e of the torsion that takes 
place during clcvelopmeiit. the dorsal mesentery becomes more or less 
horixontul in orientation. 

», Dclinite excretory and respiratory systems arc wanting in most 
cehinoderins. although some holothuroUls t> os.ses.»^ wp/it, i.^ py 
sicleied a respiratory system ami in other echinwlerms some sort of 
provision for respiration is often pre-sen i. A cireulator>' system termed 
the haemal or Uoo(l heunar system is typieally present and reaches a 
considerable development in holothuroids and echinoids.^Its ehannels 
are not definite ves-sels as they laerk definite walls and ha\'e the pctmliarity 
of being enclosed inside coeloinic channels. The digestive tract is 
usually a more or less coiled tube extending from the mouth located on 
the oral surface to the anus (wanting in ophiuroids and some asteroids), 
situated centrally or excentrically on the aboral or oral surface. In 
erinoids both mouth and anus open on the oral surface (and this was 
also the case with primitive extinct ochinoderms), and either may be 
central or excentrie. The anus is on the oral surface in many irregular 



0 PHYLUM ECHIS'ODERMA TA 

echinoids. In asteroids and ophiuroids the digestive tract lacks the 
usual coil and is short and straight with a pronounced stomachic enlarge- 
ment. Voluminous digestive glands occupying the arm coeloms are 
peculiar to the class Asteroidea. 

The vepro<lucti\'e system is of the simplest sort, consisting primitively 
of a single gonad definitely located with regard to the body radii and 
openir\g by a gonopore located in the same intevradius with the hydropore 
and the anus. This condition is retained in Holothuroidea, but in most 
existing echiuoderms radially symmetrical gonads corresponding to the 
body symmetry are present. Echinoderms aie dioecious with few 
exceptions (there are a number of hermaphroditic holothurians and 
ophiuroids), and the sexes are usually not distinguishable externally. 
Although some e<*hinodernis brood their young, the sex cells as a rule 
arc discharged dire<’Uy into the sea where fertilization occurs, and 
development of the indetenniiiate type proceeds io the formation of 
characteristic larvae of great phylc^enetic importance. These larvae 
are bilaterally symmetrical, but if fed, undergo a remarkable meta- 
morphosis with suppression of the anterior part of the right side into the 
radially symmetrical adult. 

The foiegoing remarks are to be understood as applying primarily to 
the existing echinoderms. The characteristics of the fossil groups are 
treated in the accounts of those groups. 

The echinoderms aie exclusively marine and are among the most 
common and widely spread of marine animals. They occur in a)) seas 
and at all latitudes and at all depths from the intertidal zone to the 
ocean deeps. 

As in the cose of other animal groups with a skeleton, the echinoderms 
preserve well as fossils, and there is a vast and bewildering array of fossil 
echinoderms, including at least five wholly extinct classes that arc 
regarded as phylc^enetically important. Only a brief and sketchy 
account of the fossil echinoderms will be given here as details are a\'ailable 
in works on invertebrate palaeontology (listed in the bibliography). 

III. CLASSIFICATION OF THE PHYLUM 
Swbp/iyfum /. Pelmatozoa 

Mostly extinct echinoderms attached throughout life or in youth by 
the aboral surface, either directly or more often by a stalk supported by 
successive calcareous pieces; hence with the oral surface directed upward 
and bearing both oral and anal apertures; \nscera enclosed in a calcareous 
test, the theca; ambulacra acting as food grooves, usually extended 
distally onto projecting arms; podia primarily food-catching; main nerv- 
ous system aboral- For doubtful groups here omitted see Regn^ll (1045). 
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Class 1. Haterostelea. Extinct Pelmatozoa with mostly laterally 
flattened theca, fastened by a stalk apparently in a horizmita) position; 
stalk at least in j>arl of a double row <»f piwea; theca nonporous, without 
radial symmetry, often with clifforentiatod marginal plates; mostly 
without arm extensions; ('ambrian to Umer SjUiriaii. 

Class II. Cystidea. Extinct IVhnato^cwi of oval or spheroidal forjii 
attached directly or by a stalk in an upnuM |)oMiioii; ihera of rigid 
polygonal plates, usually not penlnnieimis: all or some <if th<* jilates 
porous, permeated with canals ; ainindarrsi I wo to five, extended into 
brachioles without pinnules; braebiedes bord<*ring both l•<lg(^s of the 
ambulacra: Middle (hdoviei an to Miildlc |)ev<Hiiun, rem hing ificir height 
in the ^^ilurian. 

tJrder 1. Uhombifora. (*anaU <d the theca fc»rm pore rhombs 
in some or all of the thecal plate.-. 

Order ' 2 . Diploporita. ( anals in the form of dij)ioj>ores in 
some or all of the thecal plates. 


Class III. Blastoldaa. Extinct IVInmto/oa of f>ud-like .sfinpe. 
attached directly nr by a short stalk in un upriglii position; with fiighlv 
radial pentornerous theca of i:l plates in ihi'f'e cycles; wiili live r)etnloiIl 
ambulacra more or Ics.^ b(»rder(Hl with braelnolcs. Mmielirne.s pinnnlated: 
characteriHti<- respiratory orRans, the hydrospiivs, siluale<l beneath the 
ambulacra; Ordovieiun to the IVnniuji, mainly in the Mississippinn, 

^ Class IV . Crinoidea. Ext inct an<l living IVImat ozoa usually 
attached by u stalk, bnl most living meinU'rs .stulkless atid frcc-nu>ving: 
oral surface direiaed upward; entire structure strongly pcnlamcwous; 
theca diflereutiaUKi into an aboral cup, the calyx, composed of nonporous 
pltttcs arranged in pentamcrous cycles, and an oral cover or roof, the 
tCKniPii, \vhi<-h is mpnibraiiou* or cik'Ioscs siipiioitinR plaios; with 
pcnIaimTously urraiiKOil movable arms, c.riKiimllv simple Init iiiosllv 
l)rai>eheil, sprinfEii.g from the margix iK-twecn calyx a>«l tegmen by wav 
of a basal .isaicle, the radial, itieorporated into (he calyx; arms with or 
without pitmules; ambulacra extend along arms and pinnules to Iheir 
tips; mouth usually central or nearly so; amts usually exeeiitrie but 
sometimes central, on the oral surface, often mounted on a tulie- f)r<lo- 
vician to the pi-esent, reaching their climax in the Missi.ssippian. 

Order 1. Inadunata. Extinct crinoids in which (he lower arm 
ossicles spring free from the calyx; calyx rigid; mouth covered over bv 
tcgminal plates l>ut ambulacra mostly exposed; with or without pinnules; 
biJunan to Permian. 

_ Order 2. Flcxibilia. Extinct crinoids in which the lower arm 

mo!! r flexible, 

Perm?an"^ a'nbu'acfa not covered; arms without pinnules; Ordo^•ician to 



8 


PHYllM BCHiiSODERMATA 



a,,. y^^HK .*70; br..hio.« o™..W., ' O 1. r.. .Ik 



CLASSIFICATIOX Of THE PHYLUM 


9 


Order 3. Camerata. Extinct crinoids in which the lower arm 
ossicles are incorporated into the rigid calyx; tegmen plated, covering 
over mouth and ambulacra: arms pinnulate; Ordovician to Missisaippian. 

Order 4. Articulata. Extinct and living crinoids in which the 
lower arm ossicles are incorporated into the calyx; calyx flexible; tegmen 
leathery, containing calcareous particles or small plates; mouth and 
ambulacra exposed; Triassic to present. 

Class V. Edrioasteroidea. Extinct Pelmatozoa of discoid shape 
without stalk or arms, lying free or attached directly by the alwral 
surface; theca flexible, of many xtnall plates; five open straight or sinuous 
ambulacra, usually provided with cover plates; ambulacra pierced with 
pores for the podia; Lower Cambrian to the Carlumiferous. 


!/. Eleulhcrozo<t 


Stcmless echinoderms, living fi-oe. moving with the ora) surface 
downward or lying on one side; structure usually higldy pentameroua; 
anihulacral system generally not food-gathering, typically employed in 
locomotion; anus when present usually on the uborul surface; main 
nervous system oral. 

Class VI. Holothuroidea. Eleutherozoa elongated in the oral* 
aboral axis with secondary Inlaleral symmetry; usually lying on one side 
which may be differentiated, mouth surrounded by a set of tentacles 
attached to the water- vascular system; body surface coriaceous; endo- 
skeleton reduced to microscopic spicules or plates emlwddcd In the body 
wall, sometimes absent; podia in the form of locomotory tube feet 
sometimes wanting, usually occupying five ambulacral areas but may 
spread over the entire surface; gonad of a single or paired tuft of tubules. 

Order 1. Aapidochirota. Holothurians with numerous podia* 
..fftl tet.uc C8 ^luu; or.l retractor* wanting; respiratory trees present. 

Order 2. Elasipoda. Holothurians with numerous podia; oral 
tenUcles peltate; oral retractors and respiratory trees absent; deep-aoa 


nr.i Holothurians ^vith numerous podia; 

oral tenucles dendro.d; oral retractors and respiratory trees present. 

r^r 4.^ J^lpa^nia. Holothurians without podia except as 

2, 3. deltoid plat««* 4 r«dUJ k i T thre*. 1. brAchioI«#j 

9. c«tr.l troQv, of smbulocr.: 

J2. hydropore: 13. iDterrftdii or (miMiog); 11. mouth; 

17, rinj canoJ of water-vMcuUr la pJ»te« of theca; IS, mleatine; 

aouopore: 20. sonad; 21. UU or owinpanying eama; Ifl, 

•yetem; 24. coverin* olatas of coelom; 28. aboral nervous 

Uttere A-E on «one canal, 

raye; the ray A i» that opp4ite hyd^t^ ^ •mbulaora or 
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anal papillae; oral tentacles digitate; posterior region generally tapering 
into ft caudal portion; respiratory trees preseiit. 

Order 5- Apod a. Vermiform holothurians with smooth or 
warty surface totally devoid of podia; oral tentacles present; water- 
vascular system greatly reduced; respiratory trees absent. 

Class VII. Echinoidea. Spheroidal, disciform, ot’al, or cordiforju 
Eleutherozoa covered with movable spines; endoskeleton in the form of 
a continuous test of closely fitted calcareous plates, composed of altei- 
nating columns of ambulacral and interambul acral areas; ambulaci'al 
plates pierced with pores for the passage of the podia; podia mostly 
iocomotory; ambulacra extend from the mouth region almost to the 
aboral pole; mouth central or displaced anteriorly, surrounded by a 
membranous peristome; anus surrounded by a membranous pcriproct, 
located at the aboral pole or displaced posteriorly or to the oral side 
along one of the interambulacral areas; gonads pentamerous; Ordo- 
vician to the present. 

Subclass 1. Bothriocidaroida. Extinct Ordovician echinoids of 
the single genus Bolhriocidarit; w*ith rigid globular test hashing two rows 
of plates in each ambulacrum and one row in each interambulacrum; 
without typical lantern; madreporite radial. 

Subclass II. Regularia or Endocyclica. Echinoids of globular 
form and mostly circular, sometimes oval, outline; pentamerously 
symmetrical with two rows of interambulacral plates in all existing forms; 
peristome and periproct central, at the oral and aboral poles, respccti^'ely; 
pcriproct encircled by the apical system of plates; lantern well developed 
in all existing species. 

Order 1. Lepidocentroida. Extinct and living echinoids with 
flexible test of imbricated or separated plates; ambulacra! plates continue 
on peristome to mouth Up; extinct forms with more than two rows of 
interambulacral plates. 

Order 2. Melonechiuoida. Extinct Carboniferous echinoids 
with spherical, rigid test, having four or more rows of interambulacral and 
two or more rows of ambulacral plates; latter continue to the mouth lip. 

Order 3. Cidaroidea. Extinct and living echinoids with rigid, 
globular test with two rows of long, narrow ambulacral plates of the 
simple type and two rows of interambulacral plates, both contiiiuing to 
the mouth edge; each interambulacral plate bears one large spine, 
encircled basally by small spines; attachments for lantern muscles 
interradial on the perignathic girdle; gills and sphaeridia wanting; 
Missisdppian to the present, reaching its height in the Jurassic and 
Cretaceous- 

Order 4. Aulodonta. Extinct and living echinoids with a 
symmetrical globular test composed of two ro^^•s each in ambulacra and 
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interambulacra; ambulacral plates compound, of two to ten elements; 
ambulacval and interambulacral ro^-a cease at the edge of the peristome; 
lantern attachments radial on the perignathic girdle; gills and sphaeridia 



Fio. 3 .~CIbm Hct«r<nUl«a (conclu<Ud). A. C9thMrnocfiatu, lower side. B. 
ry«4u. upper aide, with ''gUl aliu,’* C» ealarced view of alita. upper one without, lower 
one with covering pleUa. (jiff o/ter Bother. 192a.) 1. mergioel pletee: 2. interior plates; 

3, knobs supporting tbsce on bottom; 4. slits; 5. anus; 6. covering plates of slits; 7. plater 
of stalk. 

present; epiphyses of the lantern small and not meeting above the 
pyramids; teeth without a keel. 

Order 5. Stirodonta. Mostly extinct echinoids with small 
lantern epiphyses, not meeting above the pyramids; teeth keeled; other- 
wise much as in Aulodonta. 

Order 6. Camarodoota. Lantern epiphyses enlarged, meeting 
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above the pyramids to form a liar; leelh keeled: olhmvise much as in 
Aulodonta, but lest sometimes oval. 

Following Mortenscn, the three prec'eding groups are raised to the 
rank of orders but these difTer primarily only in details of the lantern, 
and the author is in agrt‘ement with H, L. (‘lark and (»theia that they 
should be reduced to suborders under the order Diadematoida (ur 
('entrechinoida). 

Subclass 111. Irregularia or Kxofvcliea. Kxtincl and living 
echinoids with mostly ttatteiutl oval lo circular lost, altered along a 
hi I a leva I axis; peiiproct displaccxl iK»sleriorly along one inlerradlus lo a 
posterior ahoval or oral position; lies outside the apical system of plates 
which remains at the aboral pole; aboral portions of the ambulacra often 
altered to a petaloici condition; p<*ristnine central displaced anteriorly 
on the oral surface: podia generally not hicomotory. 

Order I. lloloitypiacla. Mostly extinct echinoids with j'Ogular 
tests, simple ambulacra without [x^tahad dilYcrenfiation, and centrally 
located peristome and apical system: i)cripr<H*l more or loss removed from 


the apical system. 

Order *2. Cussiduloida. Mostly extinct whinoids with round 
lo ova) test, more or less petuloid aboral ambulacra and fluscclles around 
the peristome: lantern wanting in atlnlts of existing species. 

Order 3. Clypeaslroida. Irregular echinoids with flattened 
lest of oval or rouudetl outline; almral umhulacral ureas iHUaloid; lantern 
present; gills alwent; phyllodcs and Unirrelets wunling. 

Older 1. Spatungoula. Irregular echinoids with oval or cordi- 
form test; four aboral ambulacra polaloid; fifth (anterior) ambulacrum 
not pet a bid; peristome displaced anteriorly with phyllodes but no 
liourrelots; fascicles present; no lantern or gilk 

Class Vm. Asteroidea- Flattened, mostly pentagonal Eleuthcro- 
zoa of star-like form with five (sometimes more) long or short rays or 
arms radiating symmetrically from a central disk; oral surface held 
downward; ambulacra form pronounced grooves provided with loco- 
motory podia; ambulacra limited to the oral surface, extending from the 
peristome to the tips of the rays; ambulacra I pores between the ambulacral 
plates; endoskcleton flexible, of separated ossicles; gonads radially 
arranged; arms occupied by digestive glands; Cambrian to the present 

Order ]. Platyasterida. Extinct asteroids, of Ordovician and 
Devonian age, with widely open ambulacral grooves, almost flush with 

the surface; with inframarginal plates edging the arms; mouth frame not 
differentiated. 

Order 2. Hemizonida. Extinct asteroids with definite ambu- 
iacral grooves; mouth frame not differentiated; Ordovician to middle 
Carboniferous. 




Fio. Cy*tidem. A. AnttoeyMiU*. side 
ftway thfcft b«low It. ®*poMn« tb« <iip\opon». 
opcnmB«> {A. B. afttr B*rrand4. ISS'-lfiS^) 
ing InUct {Q/ter JatM. 1999). D. Bchin^p^'a 
facets tor tbe brachiolw <o/<«r /ocM. ] 999 ] 
away, exposing the rhomba (a/j«r Ziud 1915) 
(from a specimen). G. scheme of the’rrfate 
19W). 1 aous; 2. diploporea; 3. place of atUc 
7. f^ts for bracbjoles: 8, coeeriag plntee of i 
ll, baaala: 12, mfralaterala: 13. Uterus; U re 
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Order 3. Phauerozcmia, Arms edged with eoiispieuous marginal 
plates in two ross*8. an aboral supruinnj^iiial and an oral in fra marginal 
row; pediccllariae when pn'sciit of the sessile or alveolar t) pe; papulae 
limited to ai>ora) surface; mouth frame of the adunibulaeral type. 

Suborder 1. Piisliilosa. Kxiinet Phanerozonia with sniall, 
slciulev spines mounte<l on hemispherieui Inlwreles: Ordovician into 
Permian, 


Suborder 2. (>i)«')losa, Pliaiierozotiia with ly))i<*al cribri- 

form organs: pcxlia without suckers; ampullae single; anus and intestine 
wanting. 

Suborder 3. Paxillosa. Aboral surface formed of paxillae: 
podia without suekers: ampullae liifureated. 

Suborder 4. Xotomyota. Aboral surface formed of reduced 
puxillue or flat plates; marginal plates spiny; podia with suc^ket^: each 
arm with a pair of strong dorsolateral musele Imuds, not found in any 
other asteroids; papulae in papuluria. 

Suborder o. \ a I vat a. Almral surfarc formed of plates vary- 
ing from paxillae to a flattened mosaic arrangement; pcKlia with suckers. 

Order 4. Spinulosa. Arms generally without conspicuous 
iimrginal plates; pedkelhiriae rarely piesent; aboral skeleton imbricated 
or reticulated with single spines or Krou|>s of spines, not infrc^iueutly 
paxilliform; mouth frame of the adainbulacral type; podia with suckers; 
ampullae single or Infureat4>«j. 


( )r<l e r . >. I ore i pu lat u . No conspi c u ou s i n a rgi na I phi i es, a I >c>ral 
skeleton mostly reticulate; spines not in grou|w; jjapulao on both surfaces 
pcdieellariac all of the pcHluneulate tyj>e with a IwaHt) piece; podia mostly 
m four rows, with suckers; mouth frame of the amlmlacral type. 

Class IX. Ophiuroidaa. Flatteiietl penlaincrous Eleutherozoa with 
long slender flexible arms, sometimes branched, sharply set off from the 
central disk: ambulacral grooves wanting, amhulacral canals relegated 
to the interior of the arms by the closure of endoskeletal plates below 
hem, anus and intestine wanting; digestive system rarely extending into 

Sr"'';."' 7°"“' 7 P^ntamerous di.- 

n If “f th' t»od.v wall, the bursae, 10 i.i 

number somet.mc» .-edufed or wanting; Misaissippian to the present. 

Urder I Ophmrae. Arms simple, moving horizontailv main 

disk .nostly well developed; arms cannot twine around objects. 

ureter 2 . Euryalae. Arms simple or branched* main arm 

re:ttrf“'d!t right aisTa^: 

cealed bv a?h'i t t”" developed and con- 

obSs ' ^ around 
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Class X. Ophiocistioidea. Paleozoic Eleutherozoa of discoidal 
shape, moving on fhe oral surface; coniplet«ly enclosed in a theca of 
plates except for the poristome; theca pentamerous on the oral surface 
only where (i\ e ambulacra of three plate rows alternate with five inter- 
anrl>ula<'ra of one plate row each; arms wanting; oral surface with a few, 
up to six, pairs of giant pmlia in each ambulacrum; podia covered with 
small imbricated scales. 

IV- THE NONCRINOID PELMATOZOA 


1. General Characters of the Noncrinoid Peliuatozoa.— The non- 
crinoid Pelmatozoa are wholly extinct^ having flourished in the Palaeozoic 
era, and hence are known only by the endoskeleton, surviving in the 
rocks in fossil form. These fossils begin in the early Cambrian, the 
geological period in which most metazoan groups make their first appear- 
ance, and already possess typical echiuoderm characteristics so that the 
fossil record furnishes no clue to the origin of echinoderms from pieceding 
forms. It is to be understood that these fossils were clothed in life by 
a living epidermis and that the interior contiuned viscera of which almost 
nothing is known except by inference from still-existing Pelmatozoa 
(Fig. \D). 

The noncrinoid Pelmatozoa (Fig. \A) lived attached by the aboral 
surface, cither directly or by way of a sfaik or item composed of a sue* 
cession of calcareous pieces. The fossil endoskelcton typically consists 
of this stalk, a rounded, oval, disciform, or laterally flattened case of 
closely fitted polygonal plates, the theca, that enclosed the viscera, and 
one or more arm-like extensions from the aboral surface of the theca, 
termed brachioles. It is characteristic of the theca of the noncrinoid 
Pelmatozoa that it is completely closed up to the mouth. Its plates were 
originally without definite arrangement and often very numerous, but 
gradually they take on a pentamerous disposition. 

The oral surface of the theca faces upward or at least away from the 
surface of attachment and bears both mouth and anus. The mouth is 
found at or near the center of the oral surface, often surrounded by or 
covered over by special plates; the anus is located to one side in one of 
the interradii (Fig. IC, D) and also may have a co^'e^ing of plates, 
forming the anal pyramid. Between the mouth and the anus in the 
same interradius is generally to be found the Aydroporc or entrance into 
the water-vascular system. There may be present in or near the same 
interradiua another pore believed to be the ffonopore, apparently com- 
bined with the anus in some case's. Apparently there was originally a 


single gonad. 

From the mouth radiate the ambulacra, which seem to have varied 
from one to five in number (Fig. IB, C, F). There is evidence that the 


UETEHOSTULBA 


17 


eventual pentameruus vonditiou arose from a trimerouH condition by the 
forking of two of the three ninlmlucra (Fig. \E], The ambula<Ta in thoir 
simplest form are grooves liin^d by a ciliated epithelium and serve to 
convey food particles to the mouth by means of ciliary currents; hc*nce 
they are called /cod grooi'cn throughout the literature on the Pelmaiozoa, 
Here the term foo<l groove or amlnilacrul gr<K)v e will lx* employed to refer 
primarily to the food-i atcliing groove itself, while the term umimiamim 
will indicate the en tin* radius that Items the groove along its center. At 
first the ambulacra extend scareely at all away from the mouth but 
mount at mice onto simple erect arms called Urachiolf^, which an* sup- 
ported by cndoskcietal pieces. These brachitdes aiv a characteristic 
feat nit* of tlie noncrinoid Pelmat(j/.oa (Fig. Mi. and even when they 
are mi.ssing from the fos.sil remains, their pivsence in the intact Animal is 


indicated by facets mi the thecjuKig, \l)) to v^hleh they were aHi< ulated. 
Ainbulai'ra that mount nl onee on hrachioles ai*^' spoken of as ixothrcal. 
Such hrachioles are eipml hi numlK-r to the amlnilacrji and curry the fund 
groove on their inner surface. I)eiiig in fact devices for IncivAsing the 
fooiUgathering area. In later stages of their evolution, the arnluilacru 
cuntnuie away from the mouth for shorter or longer distunees over the 
oral surface of the theca, either as groovi*s lK*twcen the thecal plates 
{vmiotiiveAi ^►onditionJ or as grcMives in the plates {epUhtrai condition), 
or finally the umbulacrul grooves become liiiwl with little plates of their 
own. In these case's, al^i. the focxl gnwves Hiiallv mount on bruchioles 
vvhKh may spring from the theea at the distal ends of the amlnilaciu 
or more often lino both sides of the ambulacra. In the latter condition 
the brachiolos are very numerous and give the pelniato^oau .something of 
the appearance of a long-handled brush (Fig. M), As each of the 
many hrachioles carries a food groove on its inner surface the food- 
gathering area is enormously inrreased. Ambulacra may be protected 
by a covering of little plates (Fig. \E) that ean l,e erected to expose the 
food groove, or by extensions over them of (he thecal plates {hjpotii^al 
condition), also jirobaiily erectile. It U presumed that beneath (aboial 
to) the ambulacra ran m life the radial canals of the water-vascular 
system radial nerves, branches of the coelom, and so on. Also ore- 
bumably the ambulacra wore accompanied in life by small finger-Hke 
podia but only m the Edn«termdea were pores present for their emission. 

ide f^h U r I ^mbulaeral system lies wholly to the oral 

Side of the Ihccul plates and the ewsides of the hrachioles 

rh. Heterostelea.- This class corresponds roughly or in part to 

Carpoidea of Jaekcl (1918) and the cystoid oixier 
Amphoridoa as emended by Bather ( 1900). It includes a group of earh' 

N^re altogether lacking in radial symmetry, ThLe forms 

y a stalk composed of two or more rows of skeletal 
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Fio. S. Cystidee (conUng«d). A. or*! neur o/ C9^ttocrifiilf$. showing oight Utoral 
plates, radioU, ond thre« pair^ ©f braehiole facets {after Bathrr. 1800). B. section through 
the theca of Ciiritoer%nilu. showing rhomb folds projecting into interior C^B croas 
sections of different types of rhom b canals. F-H. lengthwise v ie ws of the saroe. F, aim pi e 
fold, shown lo cross section m C. O. rhomb canal with vertical ends that show on the 
surface m pores; cross section ia D. H. rhomb canals with vertical ends concealed under 
surface knobs; cross section in B. (fi-ff. afUr Je^ekei. 1899.) J. haplopores and diplo- 
i" aectioas through the theca. K. surface view of diploporea. {J. K, after 
19180 L. scheme of poro rhombs prtNjuced by eliglit weathering of rhomb canals of 
toe types of GaudH. (Thecal plates in black in C-K,} 1 . Uteral plates with surface scu Ip* 
tunng partly worn away: i. radial plates; 3. facets for bracbioles; 4. rhomb canals; 5. 
thecal plates: 6. surface knobs; 7. haplopora; 9. various kinds of diplopore canals: 9. 
diplopotes m surface view; 10. peripores; II, pore rhomb. 
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elements, diminishing in some genera to a single row toward the attached 
end. The theca is generally laterally flattened, usually markedly so, 
and composed of irregularly arranged polygonal plates typically' dilTer- 
entiated into a marginal row of laige plates bouiidijig a few laigc or 
numerous small interior plates (Fig. 2.1, B). Xot infrequently the 
plate arrangement differs on the two sidw of the theca, and this fart, 
together with the flattened shape, is interpreted to mean that the Iletero- 
stelea lived in a horizontal orientation, swinging about on their .stalks, 
and with one side always directed upward. Often, also, one surfa<‘e, 
presumably that held next the sulistrutum, is flattened or onneave, and 
the other surface convex (Fig. ‘20 . In Phvoi-i/^tis and Cothumon/i^tU 
a skeletal element similar to a spine projects forward on each side from 
the anterior end of the theca tHg. 3.1, B). In some genera, us Trocho- 
rystites (rig. 2Ay B), an oral nn<l an ana) optniing are evident in the fr(*e 
end; in others the anal opening appears pi>steriorly locateil. near the 
insertion of the stalk (Fig. 2/>), and still others seein devoid of external 
openings, possibly l)eeause the^e were covered with protoe five erctile 
plates. The stale of the ajnhulaeral system in the Heterostelea is 
uncertain; it is never pentainernus and is not evident in m<wl of the 
fossil material. In TrochocytliicH u groove, pcwsibly a food groove, leads 
away from the oral opening to either side. Denfir^yMes (Fig. ‘21)) is 
provided with two anterior projections, one of which seems to he a 
brachiolft bearing a fo<Kl groove coverwi with little protective plates; 
near the base of the brachiolc c^ecur a gonopore and a fiydroporo, wheir-as 
the anal opening is found near the insertion of the stalk. Bhipidonjstis 
seems to have been provided with a number of hrachioles having food 
grooves covered with protective plates. CtXhurnocysUs (Fig 3) and 
some related genera have a row of slits, numbering 8 to 42, on one surface 
along the side or base of the theca; they arc generally more or less covered 
by movable plates. The function of these slits is olwrure; Bather (1925) 
regads them as serving for the intake of water into the digestive tract 
m which rase they would constitute the first appearance of gill slits in 
the enterococlous Ime. An alternative idea that they were multiple 
mouths appears unreasonable- 


3 CUss Cystidea.- The eysnds or r.i-sloids are a «ell.kno«'n group 
of ext.net ^lmat.,7.o»..s, m<«tly from the Ordo^•it•ian and Siluria.. eras 
ho ow,.,g Rcgn^ll (1940) the forms often put in the orders Amphoridea 
and Apor. a arc here excluded from the Cystidea, and these orders am 

iarin! JT T' . J « pelmatosoan 

whh the Ll ".f f * for they have an erect orientation 

v.th the ora! surface facing upward, and a general vase-like form. The 

time! ^ substratum, but some- 

umes a long or short stem is present, composed of a succession of hollow 
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pieces and usually tapering to the attached end which may be fastened 
by root-like extensions. 

The theca is usually of oval or spheroidal form composed of closely 
fitting, immovable, polygonal plates that range from numerous small 
ones without definite arrangement to a few large ones disposed in cycles. 
Among genera with numerous, irregularly arranged thecal plates may be 
mentioned AriMocijaiUti (P'ig. 4 A), Holocytlifes, Echtnospkaeriles (Fig. 
AC), and Caryocyslites. Regnal I (lQ4o) estimated SOO to 8o0 plates in a 
species of Eckinosphaerilcs, and Bather (1900) found 150 to 200 in 
Aristocystifes, but lesser numbers usually obtain. With reduction to a 
relatively few (around 20 to 30) large plates, these tend to arrange in 
cycles, typically five, named from the a bora I end oialward: basals, 
injralfitfrah, talcraUf radiaUy and oraU or dcitouis. The last two cycles 
occur on the oral surface and are related to the mouth and ambulacra. 
The similarity of names does not no<*essarily imply any homology with the 
plate cycles of crinoids. Schematically (here arc four basal plates and 
five each in the other four eyclfs» but other numbers arc often encountered. 
Thus in Coryocmi<es» a common North American cystid, there are 
typically four basals, six infralaterals, eight laterals, and a variable 
number of radials, probably six originally, aa the radials may subdivide 
to accommodate the ambulacra (Fig. AF.G). The thecal plates are often 
sculptured, sometimes with concentric ridges as in Bchinoiphacritcs 
(Fig. AC), more often with ridges radiating from a central knob (umbo) 
as in CoryocriniUt (Fig. 4f ). These ridges may be bordered by a row of 
knobs that are hollow, containing the blind outer ends of the canals of the 
thecal canal system. 

An outetanding feature of the theca of cystids is that it is “porous/^ 
by which is meant that some or all of the thecal plates are permeated with 
canals. In their simplest form these caimls run inward more or less at 
right angles to the surface (Fig. 6J). More commonly, however, they 
take the form of elongated folds that open on the surface as long slits 
(Fig. AE), if the original skeletal surface is worn away. Next, the main 
part of the fold drops down to project into the interior of the theca, 
leaving the two ends to open on the surface as pores (Fig. 5F, H). These 
ends may open into depressions of the surface or begin as blind ends 
niside projecting knobs (Fig. SE). It appears that in life the outer ends 
of the canals did not open through the surface but were covered not only 
by the epidermis and underlying tissue, but possiblv also by a thin 
skeletal layer surfacing the theca and usually missing in fossils The 
simple canals apparently opened onto the internal surface of the thecal 
plates {Tig. W) and the greater part of the folds projected into the 
mtenor ^g 5B). These flattened canals or folds occur in parallel 
groups that have the shape of a diamond, losengc. or rhomboid and 
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Fid. 6.— Cyatjd®* (coolmued). A. l^nUyttU. or*l rt^n, # 110 wio* ^mbuUcrAl 
grooves paved with little pistes (a/t<r Rtynm. 1945). B. FroUr^tutut. diploporite. with 
ftmbglocra reaching the sborsl pole. C. CaZtoepefita. rhomblfer, also with Jong ambulacra; 
^>roch|olee rcisinea on one side. 1, pectin Irbomba: 2, anal pyramid: 3. ambulacra: 4. 
Side plat^ of ambulacra: 5. flooring plates: «, fsceUfor brocbioles: 7. brsebioloe; 8, covering 
D -tes of ambulacra: 9. thecal plates; 10. branches of ambulacra) grooves to brechiolee; 
M. diploporos. 
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hence are called rhoinh^i. The central folds ol the rhomb aixs the longest, 
and the folds diminish in length to the sides of the rhomb (Fig. •4£?). 
Each rhomb always occupies two adjacent plates; half of the rhomb is on 
one plate and half on an adjoining plate (Fig. 4£), which means that the 
folds pass through the suture between the plates. Primitively rhombs 
occur in all the plates of the theca, so that each plate hears the halves of 
several rhombs (Fig. AE). When the thecal surface is slightly worn 
away, as is usually the case in these fossils, the ends of the folds, which 
form vertical canals (as shown in Fig. qD, E) then appear as pores 
(Fig. 5L), and as these pores necessarily outline the rhombs, the latter 
are usually spoken of as port rhombs, although obviously' canal rhombs or 
fold rhombs would Iw more correct appellations. A still further wearing 
exposes the horizontal parts of the folds, which then appear on the thecal 
plates us parallel striations or slits (Fig. AE). Hhombs evolve to more 
complicated types of folding in the thecal plates, and these complicated 
rhombs are known as pectinate rhombs, or more briefly pccUnirhomhs, 
from their resemblance to combs when exposed by surface weathering. 
Pcctinirhombs are often encircled by a raised margin (Fig. 6C). By 
<lisappearance of the middle part of the pectinirhomb, the two ends, each 
usually encloeed in a raised rim, are left facing each other across the 
suture like a pair of combs (Fig. 6C). The two combs of such a pair may 
come to differ from each other, or one of the two may eventually dis- 
appear. Rhombs may occur on all the theca) plates or may be limited 
to certain ones, and this is usually the case with pectinii'hombs, of which 
frequently only a few occur on the theca (Fig. 6/t, C). The disappear- 
ance of rhombs 18 attributed by Bather (IWO) to the proximity of 
internal organs to the inner surface of the theca, thus interfering with the 
functions of the rhombs. 


The various types ot rhombs are limited to the order Hhombifera; 
m the ot^her cystid order, the Diploporila, a different type of canal 
system obtains. Here the canals arc associated in groups of two (some- 
times more) ; the two canals of each group begin in a bU.id chamber just 
beneath the external surface (Fig. W) and run in the thecal plate per- 
l^ndicular to .U surface, men the outer surface of the thecal plates 
18 worn away, the chamber is exposed as an oval, oolygonal, or crescentic 

5K) The’se" PO^es (Fig. 

Sal Ilato lb and weathered 

Inc lJil vai , "“h ‘hese pairs of pores 

enclosed m variously shaped depressed areas (Fig. 5K) refened to bv 

rnrd?pl3toulcl*'"-“®“'" unfortunate. 
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Fio. T.^Cyfttide* (concluded), it. AttrrMo^tuf (u/ler J^kH. 1018). B. PUuro> 
eytiifts (a/lfr BofAer. 1900). C, 6/|rp(4MpWrtr<». D, oral region of Olup(Q9phQtrUf$. 
cnUrgod. E, h diplopore of C. (C-B. a/ltr JatM. IS99.) 1. deltoid pUtca; 2. onus: 3, 

amhulocro] groove; 4, ambulacra; 6. faeeU for brachioke; 0. diplopores: 7. plates of theca; 
8. brachiole; 9. pcetimrhr>nb; 10. eoveriag pItUs of loouth; II. hydropore; 12. goaopora; 
19. pore; 14, perlpore. 
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• I compete »«t of brachiolw {a/tfr JoeM. 

Il bl»$to,a («Aer ZUiel. 1915 ). C. a typical 

m the aide. D.PejUrrmttet. oral vie». E. Ptfitrcmiltt. abpral 

view. {C-G, from specimens > 

I® **‘?2 '' "***• «'he,nilic section through 

-M(«re MdH. (W, J. o/trr 1900.) I hrarhl«U^; 2 rkece; 
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The function of the thecal canal system of the cyslids is obscure 
(general discussion in Chauvel, 1941). Originally the canals may have 
beeit simply spaces occupied by the endoskeletel mesenchyme (called 
stroma by palaeontologists). A respiratory function is usually assigned, 
but accept aiU'O of this depends on whether or not one supposes that the 
canals were cut off from the exterior by a calcareous layer as well as by 
soft surface tissues. Possibly tbes<‘ canals lc*d into papulae, like those 
of asteroids. If iu fact the simple canals opoiM*<i internally into the 
eociom, they must have lu'en clothed with peritoneum, and the cfM'lomic 
Huid must have circulnteil in then): the system then appears as a device 
for supplying the thecal plates with ban I and oxygen. As the hnrixonlal 
parts of the folds in the rhomb systems projecleil into the coelom, the 
flame purpose would lie achicvcnl by diffusion through tlieir thin walls, 

In or near the center of the oral surface <»f the theca is found the 


mouth, which, together with a surrounding area iperintomr], may be 
covered by a variable numU'r oral p)uU*s. The allu^ is located 
exeontricahy in one of the interradii and generally is eovercnl hy » little 
eohc termed the aiiat or ea/eafar ptframut, formcHl of small triangular 
plates (Figrh(*) that |M'rsum«hly op<*uod out for the emission of feces. 
Between the mouth and anus in the same interradius is found the gono* 
poi'o, and f>c tween it and the mouth a hydropoix* may he evident. Some 
or all of these four o]>cuings may not Ix) detectahic iu Mune specimens. 

There apfrear to have Ihhmi originally three am hula era (Fig. AJ)). 
with one in the radius opposite that containing the unu.s (so-called 
onfmer radius) and the other two syiumetrically disposcsl lateral to this. 
The number live results from the forking of the twi» lateral am hula era 
(Fig. \E), and the uumlwrs two or four presuinahly from loss. Often 
the ambulacra branch at their outer end.s, sometimes in palmate fashion, 
or may give off side branches. In their most primitive state the ambu- 
lacra, Immediately outside the mouth, mount on brachi(»le8, as in Echifto- 
sphacrites (Fig. 4C); later, they ran farther and further out on the theca, 
eventually almost to the a bora I pole (Fig. OB, C). Their grooves occur 
between the thecal plates, or as furrows in the plates, or eventually come 
to be lined by little plates, as in Lwenictfsiis (Fig. 0.4). ThWully 
developed ambulacrni grooves were often provided with covering plates 
that could dose over them for protection (Fig. 5.1 >. Ev entually the 
ambulacra or their hran<‘hes inontited on brachioles that seem to’ have 
been seldom preserved but whose existence and number are indicated 
by the facets preserved at the ends or along the sides of the ambu- 


>**“*?!; 8. int*rradii: 9. ud« pluU» with groove* 

II- plu* anus: 12. moutb: 13. Isncet plalo; 14 *)it* of 

18* *mbt,l.cr*j groove: 19. be*« 


•>( br«cbiole: 20. fold* of hydroopirr. 



*1** (conrIudH). A. Or^pk^rinu^. or.1 vitw. with only ouUrmWt si 
«po«d on th« »«rf^ ia/itr Mr^k «i,rf n>r#A^n. IS73). fi. Trt^stocrinut. with »ho 
n •*ymmetri.'al typo with one aUort petolo 

•mbulecre: btechioles retained in pa: 
enlarged view of a pi««e of ambulacrum of P«n^r«mtr< 
S l^'drcopirc pores. F. echematic section through an ambulacrg 

^^ing two hydrospires (e/ler BtUhfr. 190 O). C, 2«»frina»- <£. ' 
^ Carprairr. |gS6.) 1. radial (date; 2. deltoid : 3. ambulacrum ; 4, coverh 
W^sfi ““’S’ • “i*r^.^*** by^JrospIre: 7. basal plates: 8. short amb 
is^ida K* i®’ U. side branches of groove; 12 , lancet plat 

^v1- a ^blinif brachiole: 16 . cover plates of ambulacr 

oV «»n»l n«tve; 19. hydrospire folds; 20 . abnormal amb 

lacrum; 21 . hole of uncertim nature; 22 . canal to hydrospire pore. » 
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lacra. Brae hides may occur in a row along each side of the ambulacra 
(Fig. OB, C). 

TheCystklcaarc divided into two orders, Uh^nnbiforaaiul l)ij)lo[, onta. 
The Uhombifeva arc provided with rlnmil>s of one kiiul or another, 
althoxigh the earliest types seem to have had simple canals (haplopores). 
The theca evolves from a condition of mimerons, irn*gi daily arranged 
plates, all provided with pore rhoml»s, as ErhiuoxithoviitiH (Fig. 4(', E), 
to a type with few plates arranged in sinnewliai tK*ntumerous cycles and 
with a limited numlier of Uelinitely 1cK*at4Hi rhombs, us in EU urwuaiiUs 
(Fig. 7/fj. Similarly, the a mind acral system evolve.'^ from an original 
miml)er of three grooves of the exotheeal lyjK* tFig. i(\ J)). that is, 
erected at once on braehioles, to a limd mimU'r of five that run for 
various distances over the theca, even to the nboral pole, and become 
lined with their own little plates (Fig- O.l. d. Among the genera of 
the Uhomf)ifeia may l»e mentiomMi EehinoKphtuntrit (Fig. 4('^E), 
Ei'liinOfnrrini{c$, ('anjorffxfitcM, (Uyptornittiti st (Fig. I E). (‘heiroerinus, 
f.i'lfadocrifiilts. Cattocy^iiUK (Fig. GC’), ('firyorfiniUx (Figs. IF, (f, ,5.1, B), 
('t/HfohlajHuti, EltnronjMcn (Fig. 7B), and Lorr/ncy:i/iii rFig. O.l), 

The Diplopc^rita are characterized hy diplo|niivs, although some seem 
to have had haplop<>n*s. They were usually stalk less, and the theca 
throughout consists of many amall plates. Tlie diplopoivs may occur 
on all the thecal plates or only on some of them and eventually arc 
1 i rn i tod to t he pi a I e» I )orde ri i ig t he am hul a< Ta ( F ig . 0 J . '1' I le a tu I m 1 ac ra 1 
system follows the same evolutionary siniuemT as in the Uhombifera, 
progressing toward an eventnal condition of five groi»ve.«4 extending far 
over the theca, often to the almral pole as in EriMcroblanlus (Fig. ti/i), 
lined by their own little plates and bordered laterally by braehioles, 
often missing. Beprcsenlativc diploporitie genera are Arisiori/stiics 
(Fig. 4.1). Sphaeronites, (tomphocijfilitfs. (JlijfUoaphQi'rHeH (Fig. 7C, D), 
i*rolcroblaslus (Fig. 6B), .Ue«wy«h>, and .1 «fcro6fasb/a (Fig. 7.1). 

4 . Class Blastoidea.— The blasloids are a well-defined group of 
extinct Palaeozoic Pelmatozoa that lived from the Middle Ordovician 
to the Lower Permian, reaching their height in the Mississippian era, 
especially in North America, where the seas at that time abounded with 
them. It is maintained, no doubt correctly, hy Jaekel (1U18) and 
Uegndll (1945) that the hlastoids are not separable from the cystids and 
should he reduced to a subclass of the latter. This, however, leads to a 
certain confusion and inconvenience since one must constantly explain 
whether the term Cystidea is being used in a broad sense to include 
Blastoidea or in the usual restricted sense (being then equivalent to the 
subclass Hydrophoridea). (’onsequently the long-established usage is 
retained here, with Blastoidea limited to what is termed Eublastoidea by 
some authors. 
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Tlie blast as lh\Js r*oru'cive<l were short-sU?mmed or stemless 
PelmatoiJoa with a riftid compact the<'a of mostly ox'aI, fi\'e-aiigled shape, 
bearing a considerable resemblain’e to the flower bud of a dicotyledonous 
plant or even to a bic-kory nut. The theea completes the process begun 
in the rhomhifevt)Us cyst ids and now consists of a definite limited number 
(13) of pontainorcmsly iirrange<l plates, namely, three basals. five radials, 
and five orals or deltoids (Fig. 8}. The three hasals derive from an 
original hve as shown by the larger size of two of them, each formed by 
the fusion of two originally separate plafc.s (Fig. 8&'). The radials, 
which are the largest of the plates and form the greater part of the theca, 
are more or less deeply notched or forked for the reception of the ambu- 
lacra (Fig. 8^). 

The ambulacra are now definitely hve in numl)er, forming linear to 
pctaloid symmetrically spaced arcus that radiate from the central 
pent agonal mouth over the theca, often nearly to the aboral pole (Fig. 
8f’). Near the mouth the oral or deltoid plates lie between the ambu- 
lacra; farther out the amindacra fit into the notches of the radials (Fig. 
80 . The center of the skeletal part of each ambulacrum consists of a 
long narrow plate, called from its shajre the hncct phie. that extends to 
the tip of the ambulacrum; and in some blast (»ids u second plate, the 
under lancet plate or xubtancei^ underlies the lancet plate. The five 
lancet plates are situated in the notches of the radial plates, but as they 
are too narrow to fill these spaces alt<^e(her, a vacancy is left to cither 
side of each lancet plate, and this is filled in hy a row of small, laterally 
elongated side plates (Fig. 8./>. External to the side plates is found in 
some blastoids still another row of ipiitc small plates, the enter side 
plates, said hy Bather (lUOO) to l)e formed of side plates that have been 
pushed out of the row. The lancets may l>e more or less concealed from 
surface view by the side plates that may somewhat overlap them. The 
lancet plate contains a median tul)e, presumed to have housed a radial 
n€r^'€. 

A nanow ambulacra) groove runs along the center of the lancets and 
gives off at regular intervals numerous side branches alternating on the 
two sides. These run laterally l>et\veeii the side plates, \N hich they equal 
in numlier. and then ascend hrachioles. The ambulacra are thus 
bordered on each side by a row of hrachioles, one braohiole to %ach side 
plate (Fig. 8A). The hrachioles are usually* missing in the fossils, but 
their occurrence is revealed by the row of facets along the outer edges of 
the side plates. From well-preserved specimens it is learned that the 
ambulacral grooves and their side branches were protected by a double 
row of little cover plates, and as the moutli and adjacent area (peristome) 
were also roofed over by a number of small plates, it appears that the 
main parts of the ambulac/al system operated under cover. 
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The blastoids are pro\ ided with a set of remarkable structures known 
as hydrospires, whose presence is diagnostic of the class. The hydro- 
spires appear to represent a further evolution of the rhomb system and 
are usually supposed to be of respiratory nature. Each hydrospire 
consists of parallel folds or pleats (varjnng in number from one to ten) 
of the skeletal material of the radial and deltoid plates or of the radials 
only. These folds run parallel to the margins of the ambulacra (Fig. 87) 
so that there are two hydrospires to each ambulacrum, except that in the 
early stages of evolution of the hydrospire system, the hydrospires are 
lacking in the interradius that bears the anus, and therefore the early 
blastoids, as Codcster (Fig. 8G), had eight hydrospires. Later, by the 
shoving of the anus toward the mouth, hydrospires occur in the anal 
iuterradius also, so that they are eventually 10 in number. At first, as in 
Cedaster (Fig. SF-J), each hydrospire opens on the surface by parallel 
slits, one for each space l)etNVceu adjacent folds, but later the folds get 
pushed under or o\‘ei^ro\vn by the lancet and side plates, so that only 
the outermost slit is left exposed along each mai^in of each ambulacrum. 
I)y a still further process of the pushing of each group of folds into the 
interior, this slit becomes reduced to a large pore, or spiracle, to which 
the spaces between the folds communicate by a canal (Fig. 9F). There 
may be ten such spiracles or by fusion five, and the anus may unite with 
one of them that hence is larger than the others (Fig. 8Z)). The spiracles 
encircle the mouth between the ambulacra. Finally, in the most 
developed state of the hydrospire system, as in Fentremites (Fig, 9B)t 
a row of pores develops hel^^‘een the outer edges of the side plates, thus 
along each side of each ambulacrum. These pores communicate with 
the hydrospires, and it is believed that a water current entered these 
pores, circulated between the hydrospire folds, and passed out of the 
spiracles. In the more advanced types the hydrospire folds dipped 
deeply into the interior of the theca so that each hydrospire appears 
suspended from the radial plate (Fig. 9F). The folds were thus bathed 
in coelomic fiuid which no doubt circulated between them. 

Among early forms may be mentioned Cadaster (Fig. 8F-7), in 
which the spaces of the h>*drospire folds opened directly on the surface 
as slits and spiracles and intake pores were wanting; and Fhaenoschisma, 
in which the hydrospires were partly pushed under so that only the 
outer slite are visible on the surface. Orophocrinus (Fig- 9d) was similar 
to the latter but with sublancets formed by the fusion of the innermost 
folds of the two hydrospires of each ambulacrum. In the remaining 
genera to be mentioned, the hydrospires have been completely shoved 
under, and intake pores and spiracles are present- Troastocrinus (Fig« 
9S) has narrow ambulacra, and PentremiUs (Fig. SB-E) broad and 
peUHike ones; in both genera the anus is fused with one of the spiracles. 





A. B. Ci^kocvttU, »iUe view. 

T J8J0.J (. Aoft<Etnfk&t, {afitr Civkt. l«Ol). D. EJrio<,9ter (afler 

II). 1 , (herel plates: 2 . coveeint plates Qf mouth; 8. ambulacra; 4, coverina 
i»tiulaera; 6. anal pyramid; 6. marginal plates: 7, flooring platea revealed by 
••ovenng platea; 8, porea lor podia betwau flooring plataa: 9. hydropore- 
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Pcntre miles is extromoK* common in North America where it (orma the 
greater part of certain limestones. groiip of forms such as Orbilremiies 
(Fig- •dD), Xucfcoerinns, .ScAi>oWgs/««, and others arc characterized by 
an o\'al tiie<‘a, with long narrow ambulacra reaching to the aboral pole, 
and pendent hydrospircs of a few folds, mostly two. A marked asym- 
metry. presumably associated with some peculiar mode of life, is exhibited 
by Eleiilherocrinus (Fig- 00) and Zygocrinus (Fig- 0(7). In the former, 
one ambulacrum is short, broad, and petaloid, while the others are long 
and narrow; the anus is separate, and each hydrospire has seven folds. 
The curious Zygocrinun has a flattened, stemlcss theca produced into four 
anctjual loljcs, three of which arc ornamented with tubercles bearing 
minute spines; normal ambulacra run between the four lobes, but on the 
shortest lobe occurs a fifth abnormal ambulacrum of petaloid shape; the 
hydrospircs consist of a single fold to each side of each ambulacrum. 
The anus and spiracles have not been found. 

5. Class Edrioasteroidea. - -This group of extinct Pelmatozoa ranges 
from tho early Cambrian to the lower Carboniferous. It apparently 
diverged from tho other polmatozoan groups at an early date. The 
Edrioastcroidea correspond to JackoVs group Thecoidea. They are 
globular, sacciform, or disciform objects fastened by the entire aboral 
surface or sometimes free, os a stalk U lacking. The theca is flexible, 
composed of numerous small polygonal plates, sometimes imbricated 
(overlapping), sometimes with differentiated marginal plates (Fig. XOE). 
Brachiolcs or other appendages were completely wanting, so that the 
five ambulacra, straight or curved, stand out conspicuously on the 
flattened or rounded oral surface, giving somewhat the appearance of a 
sea star or brittle star emhoHsed on a mosaic background (Fig. 10). 
The mouth is situated in the center of the oral surface and from it radiate 
the five ambulacra, usually gracefully curved, all in the same direction 
(Fig. IOC] or, more commonly, one or two in a direction opposite to the 
others (Fig- iOB, F). The ambulacra are grooves lined by little plates, 
usually arranged in a double alternating row and protected by a row of 
covering plates along each edge. The latter can be closed over the 
groove, converting it into a tunnel. Only the co\'ering plates show in 
Fig. 10; the lining plates are revealed in three of the ambulacra in Fig. . 
llD. The ambulacra differ from those of all other Pclmatozoa in that 
pores for the passage of the podia occur between the lining plates of the 
ambulacral grooves (Fig. l!i». The Edrioasieroidea therefore could 
have led to the Eleutherozoa, and it is often supposed that they lie along 
the ancestral line of the latter- The anus is situated in the usual 
interradius and is protected by a pyramid of little triangular plates. 
A hydropore was probably present between mouth and anus. 

The Edrioasteroidea have been arranged in families and genera by 
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Bassler (1935, 103G>- In StromatocystUcs (Fig- lOA), there are several 
ora) plates, straight ambulacra, and a flattened pentagonal theca covered 
aborally as svell as orally by small polygonal plates. The similar Wal- 
cotlidiscus diflers in the curved ambulacra, one curved oppositely to the 
other four. In another family there ai'e three oral covering plates, a 
large one adjacent to the anus and two small ones; here belong CysUisUr 
(Fig- \QD) and Carneijclla (Fig- lOB), with elongate theca fastened 
aborally; Cystasfer has straight ambulacra, CorneycUa curved ones, four 
iu the same direction, one oppositely. In the related HcmicysHtes there 
is a thin flat theca widely attached aborally, with straight ambulacra 
(Fig. IM). Numerous small oral plates, a single row of flooring plates 
in the ambulacra, long narrow curved ambulacra, and flattened disciform 
thecae chavactorise n group of genera including Coopcriducus (Fig. lOC), 
with all five ambulacra curved in one direction; Isoropkus and Lept- 
dodiscus (Fig- I OF), with four ambulacra curved in one direction, one 
oppositely; and Agelacrinitei (Fig. IIC) with a three and two arrange- 
ment. Edriccster (Fig. UD), characterized by long curved ambulacra 
extending onto the aboral surface and a double row of flooring plates, 
represents its family, Cyathoc>jitti$ (Figs. I OF, 1 IB) and other members 
of its family are rylindroid, with a flat oral suiface bearing straight 
ambulacra and bounded by a circlet of marginal plates. 

V. CLASS CRINOIDBA 

1. Deflnition.- The C'rinoidca are stalked or stalkless pentamerous 
Pelinatozoa with the theca reduced to an aboral cup covered orally by 
the tegmen, and with branched or unbranched pinnulated arms con- 
tinuous skcletally with the radial plates of the theca and contaiiung 
extensions of the food grooves, coelom, and nervous, water-vascular, 
and reproductive systents- 

2. General Remarks.^Tbe crinoids, like other groups of Pelmatozos, 
flourished during the Palaeozoic era, beginning in the Cambrian and 
increasing in abundance to a climax in the ^lississippian when in many 
places thick beds of limestone were laid down composed almost wholly 
of the remains of crinoids. Some of the best-known beds occur in the 
central states of the Missis^ppi Valley. Thereafter the crinoids dimin- 
ished, and the Palaeozoic genera died out by the end of that era. The 
crinoids as a group, however, have continued to the present time, and 
some living genera begin in the Triassic. Accoid.ing_t 2 ^ 1 fiQteJLaUcker, 
a.nd Fischer (1952), something Uke 5Q(XL_apecio6- of srinoids have 
lived and died out in past geologic ages. At. the prflsant time there 
are about 630 living crinoids, of which only about knowm as sea lilies, 
ret«n the typical stalked pelmatozoan form, now evidently in process of 
extinction. The others," called coiiiatnltds, or feather stare, have lost 





; I?' <c««irlud^). A. • living comatulid. AuUdo 

of cxlint-l iJcjf/>^k«ri«r7e* (u/f^r 5pr»nffei 
lt,i.L ' «*tiiirt (a/fer HaJl. 18C2). D, bulbou* «nd of A 

6Wji^L 10?^; f' atlachmont of eiUnct (Z>. «/J« 

attachment of c%,niia^ articulite erinoW. Phr^nt>crinvt {ift^ A. h 
2 niinM <?. auochineat dUk of Anomct<Krinu». eitioct (a/fer .W«ib. 1873). 1, arm 
root, chambora of float: 7. $tem end wit 

roots attached inside float: 8. anchor; 9. stem: 10, baaal bulb; 11. attachment disk. 


33 


30 PHYLUM ECHINOLERMA TA 

the Stalk and have adopted a free existence.^ They have undergone 
ext,ensive speciation and appear on the upgrade af present. 

The existing cvinoids are the subject of an exhaustive monograph by 
A. II. Clark that began in 19lo and is not yet completed at the present 
writing (IDoo). The publishcfl parts arc limited to the comatulids and 
give a wealth of detail concenimg them, especially with regard to the 
endoskeleton. For the soft parts of crinoids, reference may be made to 
Ludwig (1907). (’had wick (HK)7), and Cu^^not (1948). The great 
Challenger reports (P. H. Carpenter, 1884. 1888) are still of interest and 


value. 

3. External Features.— The stalked c'rinoids are constructed similarly 
to other pelmatozoans; living species present the same jointed or scaly 
appearance as the extinct members l^cause the endoskeletal pieces 
show through the thin surface tissue. (Their main structural parts are. 
the attachment devices, (he stalk, and the body proper, called cr<nDn or 
corona (Fig. 12.4). The attachment consists primitively or in juvenile 
stages of a circular disk that usually soon develops lobulations or digita- 
tions (Fig. l3£-0). Existing stalked crinoids arc sometimes attached 
by root-like extensions of the stalk (Fig. 12^), sometimes by disciform 
expansions^ (Figs. \ZF, 14D). and similar stem terminations existed in 
extinct forms (Fig, \ZD, G); hut the latter also exhibit various other 
devices, as a terminal grappling hook (Fig. 13C), or a bulbous enlarge- 
ment (Fig. 1 3D), or the diminution of the stem distally to a slender 
flexible end that could be wrapped around objects (Fig. 12C). The 
most curious of all crinoid stem terminations is found in the extinct 
Sci/phocrir\itc$ where the roots are fastened into a terminal chambered 
expansion that probably acted as a float (Springer, 1917, Fig. 13D). 
These floats had been known for a long time under (he name Camaroermua, 
supposed to be a cyst id. Khrenl)org (1922, 1929) gives a discussion of 
crinoid root forms. 

Jhe stamr-etalk, or column is of cylindrical or polygonal contour and 
is of course supported by an internal series of skeletal pieces that show 


through the surface tissues and give the stem a jointed appearance. 
In present stalked crinoids the stem reaches a maximum length of about 
50 cm. (nearly 2 feet), but was much longer in some extinct forms, 
attaining 21 m. (over 70 feet). The stalk is often variously ornamented; 
it may or may not bear appendages called ctrri that also have a jointed 
appearance from the presence of internal skeletal pieces.) Originally the 
cirri were limited to the stem base where as radiadar cirri they supple* 
men ted the hold of the roots. Later (hey progressed along the entire 
stem where they occur in regularly spaced whorls (Fig. \2A), usually 
composed of five cirri, but sometimes of only two or three. The stem 
is lost during ontogeny in comatulids, but usually the cirri persist, 
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forming one to several circlets springing directly from the aboral surface 
of the crown (Kig- \ZA). 

The cirri play an important role in the acti\'ity of comatuUds and 
have therefore been exhaustively treated by A. H. Clark in the first part 
of his monograph (I9l5a>- According to this account the comatulid 
cirri frhow great diversity in form and size, usually in correlation with the 
habits of the animal; they also constitute important taxonomic char- 
acters. ComatuUds living among arborescent growths tend to have 
short, stout, curved cirri for grasping such growths; those dwelling on 
rocky or shelly bottoms evolve very long but stout and rigid cur\'ed 
cirri for holdirtg onto rocks; whereas life on muddy bottoms is correlated 
with long slender straight cirri that prevent the creatures from sinking 
in the mud (Fig. 44C). The cirri of comatuUds (sometimes altogether 
wanting) vary in numl)er from one or a few to over 80, but usually there 
are 15 to 35 cirri. They do not necessarily occur in multiples of five, 
although often so, and apparently five was the original number. Gener- 
ally the cirri are one-fourth to one-fifth of the length of the arms but in 
some species exceed the arm length. Cirri usually terminate in a claw 
and may have distally a series of projecting spines along their aboral 
(concave) surface, as further aids to clinging, ('irri when broken off 
readily regenerate, and according to Clark those of deep-sea comatuUds 
are especially fragile and liable to breakage, whereas those of littoral 
species are stronger and more resistant. 

'^e crown con^U of a central rounded, oval, hemispherical, or 
discoiHal mass that includes the viscera, and a set of arms oT brachia 


springing pentamerously from this mass. The central mass, 6f at least 
its supporting skeleton, corresponds to the theca of extinct Pclmatozoa, 
but in existing crinolds is usually not a complete skeletal case closed up 
to the mouth. Kather it is divisible into. an aboral' cup or saucer, the 
calyx' or dorsal cup, and an oral memt)rane, the legmen, disk, or vault, 
roofing the calyx. The calyx, strictly speaking, is the aboral body wall, 
but as this consists lai^ely of the included skeletal plates, the term often 
refers to the ensemble of these plates. The calyx is high with evident 
cycles of plates in primitive existing crinoids (Fig. 14w4, C), but in most 
present crinoids, especially comatuUds, is greatly shortened and over- 
shadowed by the top stem joint (cenirodor9al) that has become incorpo- 
rated mto the calyx (Fig. 14£).*The tegmen is the oral body wall and 
varies from a thin delicate membrane to a thick leathery one- In 
primUi%'e exisring forms it contains fi^•e deltoid plates encircled by 
small plates (F>g. !4A, B) but lacks those in the great majority of present 
cnnoids and instead co^^ small plates that form a continuous sheet 

to M with the« but used here in place of dorsal cup 

to avoid the objectionable apSr.uoa to echinoderms of the terms dorsal and ventral. 
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(Fig. 15A) or are concentrated along the ambulacral grooves (Fig. 155); 
or the tegnion may appear naked containing only microscopic calcareous 
formations (Fig. 15C). 

ia-uaual^. located at or near the center of the tcgmen but 
is displaced peripherally in the comatulid family Comasteridae (Fig. 
16D, E). From the mouth, when central, five ambulacral grooves 
course in a nearly symmetrical pentamcrous arrangement along the 
tegmen to the arm bases (Fig. 1 5^4 -'C). The anus is situated excentrically 
(except in the Comasteridae) at the tip of a projecting cone, the anal 
tube or cone, sometimes very long (Fig. I4C). Consequently a plane that 
bisects mouth and anus also passes through one of the ambulacral 
grooves (Fig. 15i4'C). This groove and adjacent area is termed in older 
works the anterior ray; the other rays are then called right anterior, right 
posterior, left anterior, and left posterior, as viewed by an observer facing 
the oral surface, and the interradius that bears the anus is known as the 
posterior interradius. However, P. H. Carpenter (1884) introduced a 
simpler system, now generally in use, by which the anterior ray is called 
A and the other rays, proceeding clockwise with the oral surface facing 
the observer, are named B, C, D, and E (Fig. 15). The anus then lies 
in interradius CD. This system is generally applicable to echinoderms 
and expresses the fundamental bilaterality on which has been imposed a 
secondary pentamerous radiality. If the anus is centrally located, the A 
radius is that which passes through the mouth and hydropore. 

As already indicated, the m<^uth is diapUrod niAr ipWaiiy in most 
members of the comatulid family Comasteridae. This displacement 
occurs along radius A or interradius AH (Fig. I5D, E), shortens the 
ambulacral grooves on the side toward which (he mouth has moved, 
and lengthens the opposite grooves that now run in a curve along the 
periphery of the tegmen (Fig. ISD). The eventual result of this process 
is the gradual disappearance of the grooves to the arms opposite the 
mouth (Fig. 155). From the normal number of ten the grooves diminish 
to eight and finally to four, those suppl^'ing the arms immediately 
adjacent to the mouth. 

The^t^ruea jajiistced interrad i ally by numerous minute pores (500 
to 1500) that are the exterjial entrances to water canals {ciliated funnels 
of Chadwick, 1907) leading into internal coelomic spaces. These canals 
evidently serve for the ingress of water into the interior of the crinoid, 
presumably to maintain tendon. 

The arms-oUttflcito spring from the boundary between calyx and 
tegmen and extend freely into the water; they, too, present a jointed or 
^aly appearance. There are primitively five arms, and (his condition 
IS retained in a few ennoid species (Figs. 14A, C, 16A), but usually the 
arms fork at once to 10, a common number among comatulids (Fig- 13>1). 
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The forking or branching process may be repeated up to a maximum of 
eight or nine times. The eventual number of arm branches hardly 
exceeds 40 among present stalked crinoids, but many comatulids are 
provided with 40 to 60 arms, and some w ith 80 up to 200 (Fig. 17); but 
the young of these multibrachiate comatulids remain in the 10-armed 
condition until reaching a considerable sise, so that the lO-armed pattern 
may be regarded as basic for crinoids. According to A. H. Clark (192 la), 
the arms of adult multibrachiate crinoids have arisen, not by the branch- 
ing of the original 10 arms, but by the proliferation of new arms following 
the shedding of the original ones. 

The manner of branching of the adult arms follows a number of 
different patterns that are extensively de5<*rihed with diagrams in A. H. 
(’lark (1921a). In some crinoids there is a simple repeated dichotomy 
(Fig. U)F), but often one of the two branches resulting from a dichotomy 
fails to divide when its partner does, with a resulting branching pattern 
in multiples of three (Fig. 18/f). The branch that fails to divide may be 
either the inner (Fig. 16B) or the outer member (Fig- 16D) of a pair, and 
this failure of division may be repeated to the same side or alternately. 
Thus a large number of branching patterns can eventuate from various 
combinations of forking and nonforking branches, and a few of these 
patterns are shown in Fig. 16. Usually all 10 arms branch in much the 
same manner and reach about the same length, but this is not necessarily 
the case. Some arms may subdivide more than others without apparent 
cause, and arms of unequal length may occur in correlation with other 
peculiarities of structure. Thus in some comasterids with asymmetrical 
mouth and ambulacral grooves (he arms opposite the mouth may be 
much shorter than those near the mouth {Comatula pcctinala, Fig. 19d). 
In such asymmetrical comasterids all possible transitions occur between 
the long •‘anterior'' arms with well-developed ambulacral grooves and 
the short "posterior” arms devoid of grooves. These arms differ not 
only in length but also in shape and in various small details of structure. 

According to Clark (1021a), highly multibrachiate comatulids with 
more than 40 arms are characteristic of the littoral habitat of warm seas. 
The great majority of comatulid species with more than 10 arms occur 
in tropical and subtropical seas at depths above 200 m., whereas deep-sea 
and cold-water comatulids seldom have more than 10 arms; species with 
25 to 30 arms tend to occupy intermediate depths of moderate tempera- 
tures. The number of arms is probably in some way correlated with food 
cond^ions. 

A^ms voet^ shape from long and slender to short and broad ones, 
and the shape in some cases at least also appears correlated with tempera- 
ture. \yarm temperatures favor the evolution of long arms, cold 
temperatures short ones. The crinoid arm varies in length from JO mm. 
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inarkotlly, from the remaiinii« piimuW in both stnirture and function, 
bcinK <U'voi(l of amlmlacral grooves and podia and acting rather as 
tact lie and protective devices. They are usually lon^r, often coiv 
?<picnously so, than the other pinnules and often more rigid and spine- 
like, so that their power of movement is somewhat limited. Often they 
arc held bent over the disk in a crisscross manner (Fig- IOC) as a pro- 
tection for the latter. On the other hand, they may acquire augmented 
flexibility through the shortening of their basal skeletal joints. In the 
family Comast cridae the distal 3 to 30 joints of the oral pinnules bear 
thin triangular projections forming the tcTminal combs (Fig. 16(?) of 
uncertain purpose. 

Following the oral pinnules come the genital jiiuiiules, so called 
because they contain the gonads whose presence_at wxual maturity gives 
thorn a swollen appearance (Fig. 20/0\at other limes they are not 
particularly different in appearance from the distal pinnules. The 
proximal genital pinnules are usually short, thus contrasting uith the 
long oral pinnules adjacent to I hem; distally the genital pinnules gradu- 
ally increase in length and pass insensibly into the distal pinnules (Fig. 
\9B). The latter arc mostly long and slender and remain of about the 
same length until near the arm end where the pinnule length rapidly 
diminishes to the very short (erminah newly forming members. The 


genital pinnules may or may not bear ambulacral grooves and podia, 
but these aif always present on the distal pinnules. ' ^ 

Pinnules arc generally more or less spiny distally In correlation with 
the degree of spinosity of the rest of the crinoid. The two to four distal 
jrhnts of pinnules are always armed with recurved hooks on the anoral 
surface, and those reach their maximum development in the Comastcridae 
(Fig- 20^). 

With the exceptions already noted, the oral surface of arms and 
pinnules bears an ambulacral groove as a deep furrow along its center< 
These grooves converge to the arm bases to form five main ambulacral 
grooves that course in the tegmen in a nearly pentamerous pattern 
(Fig. Ibei-C) and enter a pentagonal depression around the more or less 
central mouth.}' The symmetry of the tegminal grooves is imperfect 
because the anal interradius is slightly aiger than the other interradii. 
(Strong asymmetries of mouth and tegminal grooves in the Comastcridae 
were already noted.) The ambulacral grooves have raised edges that 
aie usually scalloped into regularly repeated lappets, alternating on the 
two sides (Fig- 200). The grooves are also accompanied throughout by 
the podia (“tentacles**), small delicate fingers fused basally into groups 
of three (Fig. 200). Each such group occurs at the base of a lappet at 
its inner side so that the groups of podia like the lappets alternate on the 
two sides of the groove, .\long the tegminal grooves the lappets often 



Fto. IS.-^Arms pi^nul^s. A. » SOHirmed eomatulid, MeomHrQ aconihoMer. from 
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reduce to a \vo.yy line, and here also the podia reduce in height and 
grad ual I y ) < we 1 1 r i ( i< I a rra 1 1 ge niei \ t , Ireconi i ng si iigle proj ect i oj is. These 
single podia avtivmd the mouth, usually about 20 to 25 in number, borne 
on the outer tim of the pent agonal umlmlaeral depression that surrounds 
the mouth, arc termcnl oral or hbial pcwlia. The anibulaoral grooves are 
also acroiupanied liy small spherical bodies known as saccules, imbedded 
in the surface tissues (Fig. lot'). On arms and pinnules they form a 
single row on either side, alternating with the lappets and podia, but 
may occur in double or triple rows along the fegminal grooves, They are 
wanting in the Comast eridae. Although colorless in life, the saccules are 
often highly colored in preserved specimens because the pigments dis- 
solved out of the rest of the crinoid by preservatives (especially alcohol) 
tend to aggregate in the saccules. 

It is said by A, II. Clark (1015a) that no marine animals exceed the 
littoral crinoids in lieauty of coloration; coloration dimiuislies with 
incTcasing depth of habitat. \s the colors arc soluble in water and 
alcohol, they arc unfortunately lost in preserved specimens, Almost 
any color may l>c found among com at u lids, as white, cream, yellow, 
orange, gieen, olive, bright red, wine red, maroon, purplish red, purple, 
violet, brown, and black. Some species are uniformly colored, but 
most exhibit comlnnations of two or more colors. Some species also 
occur in numerous color varianU. Thus the common Aniedon bifida 
may be purple, reddish purple, brown, red, crimson, carmine, rose, orange, 
or yellow; or mottled and spotted with rose, orange, and yellow; or 
orange variegated with crimson, white, or light yellow. The most 
varied coloration is fottiid in the I ndo- Pacific region, whci^cas crinoids of 
eastern and northern Pacific waters lack bright colors, being mostly 
yellowish or brownish. The pigments of crinoids were investigated in a 
preliminary way by Knikenberg (1882), Moseley (1887), and MacMunn 
(1889). Krukenl)erg found a red pigment without absorption bands that 
he called comatuUn and that he thought responsible for the red, brown, 
and yellow hues of the species studied. Abeloos and Teissier (192C) 
isolated what seems to be the same red pigment and showed that the f 
yellow pigment is a chemical derivative of the red. Moseley isolated / 
penlaciinin, pink in acid and green in alkaline solutions, with a charac** 
teristic absorption spectrum; also another pigment that he named 
antedonin. Lonnbe^ (1932) found that the brownish red color of 
.In^fdon pefosus contains a yellow carotenoid. 

4, ^dy Walk— The body wall consists primarily of the endoskeleton, 
and this is of such importance in systematica that works on crinoids are 
usually devoted to it almost to the exclusion of the soft parts. The best 
accounts of the histolog>* of the body wall are to be found in the older 
articles such as those of Lud«ng (1877), Hamann (1889), and Reichens- 
perger (1905). 
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Th(* )>ody surface is slut<*<l to jjcissoj* a d(‘l irate cuticle in some ennoids, 
uot in others. Over most of the body siirface.-the epidermis is poorly 
develop^ al>Rent in some specie s: when pres ent 

it is a thin7mo-stly^yucytial, epithelium that lack s a basement mem brane 
and hence is not definitely delimited litom-4he undorlyLncJnfisen chyme 
(I'is. '20/0 • Toward the ambulacral groo^'cs the epideruiw rapidly 
increases in beig^ and de finiten ess, and tfie gro6\'e8 Jhemgeh^es are 
lined throughout by a very tal l ep idermis of long attejn^ted ciliated 
cells with nucloi^in sevex&l xants (Fig- 20/'’). This groove epidermis 
consists of two sorts of cells, the oniinao'.suppwl^ ciliated cells and 
the sOusoiy cells. The former arc very' long slender <*ilia(ed cells (Fig. 
20(?), and the sensory cells are even more attenuated, resembling a hair 
with a bulge containing the nucleus (Fig- 2l.-t)- The epiderm is of the 
ambulacral grooves is underlain by a thick nervous lay er^ from which its 
colls are not definitely delimited (Fig. 26F)- Schneider (1902) and 
Hoirhrnsporger (IIKIS) imported numerous mucous gland cells in the 
groove epidermis of crinoids. but no published figures show them. A 
fairly thick epidermis is continued on the surface of the podia that faces 
the ambulacral groove (Fig. 2 IF) hut thins rapidly on their outer surface 
(Fig. 24 Z)). The podia are studded with papillae probably of sensory 
nature (described later)) and these arc also provided with gland cells. 
Clumps of five or moie cells, presumably glandular, in sunk from the 
epidermis, were observed by Hamann (1889) in the ahoral wall of the 
calyx and along the sides of the arms and pinnules in various comatulids 
(Fig. 21C). There are also gland cells in the epidermis of the genital 
pinnules of female An/cdon, located where the eggs break through and 
serving to secrete a cement that attaches the eggs to the pinnules. The 
water canals or ciliated funnels through the disk and arm bases are lined 
with intuvned columnar to cuboidal epidermis (hat is heavily ciliated 
in the distal half of the canals (Fig. 2\B). The epidermis lacks cilia 
other than in the places mentioned, namely, the water canals and the 
lining of the ambulacral grooves. 

As already noted, the epidermis of the general body wall is directly 
continuous with the underlying dermis or mesenchyme that constitutes 
the gieater part of the wall and contains and secretes the pieces of the 
endoskelet on , whose interst ices it cont i nues t o occupy - The mesenchy me 
consists of a gelatinous ground substance in which lie fusiform and stellate 
cells and numerous fibers that represent processes of the stellate cells 
(Fig. 2 IS). Crowding of the fibers in a parallel arrangement results in 
a denser consistency of the mesenchyme (Fig. 20E). The mesenchyme 
alw contains free cells, including amoeboid cells and lymph cells filled 
Tvith gross incluaons. The latter appear related to the socculec already 
mentioned. These are sacs imbedded in the mesenchyme beneath the 
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epidermis alongside the ambulacral grooves, also sometimes elsewhere, 
reach sac consisU of a thin wall that om-loses a number of conical cells 
filled with lan?e refringcnt spherules (Fig. 2\I)). Kach cell tapers to a 
filament and the group of filamenis is atta^dicd to (he sac wall just 
honealh the epidermis {Fig. ‘Ilf)), The function of these saccules is 
obscure. The spherules readily absorb various dyes and pigments and 
have been shown to consist of protein: p^issiWy they represent protein 
ivserves, although they have not lieen ol>ser\ed to he utilised in star- 
vation or regeneration’ The pigments (hat lend a variety of coloia to 
crinoids occur in the mestmehyme either as free granules or as granules 
enclosed in pigment «'ells. The me.'«en chyme also contains numerous 
calcawous formations, apart from the regular endoskeietal pieces. On 
the coelomic side the meson <hy me is do I he'd with a euboidal syncytial 
epithelium (Fig. 20E). There aiv no muscle fil>ors in the body wall 
except in connection with ihcendaskeleton. and (hose are described below. 

T he preater part of (he bo<ly hv t he end oskeletal 

hftve n c-harm^t eristic construction throughout the echino- 
decinSt They arc luitjuiUd bui fcncstrato<l, f<irming a mosh with large 
interstices (Fig. 33^). C'hemically the crinoid skeleton is a magnesium 
limestone of the t^pe. (.'lark (102 la) and ('larke and Wheeler 

(1922) give analyse s of the skeleton of *>7-«f *ecie8 of livi ng crinoids which 
yield the followi ng figur es; 83 to 01 Qcr calcium carbonate, 7 to 

13 per cent of magnesium carbonate, 0.02 to 5.7 percent of silicon ^io^tde, 
some metallic oxides in quantities mostly less than 1 per cent, and traces 
of calcium phosphate. The high magnesium co ntent i s n oteworthy and 
was found to vary directly with the temperature of the water inhabited 
by the crinowl cowerned. 

^he st alk is supported by a single row of superimposed rounded or 
pentagonal skeletal pieces termed columnals (Fig. 12^). It appears that 
originally the stalk consisted of numerous irregularly arranged pieces 
that later arranged into five rows, and these ev entually fused into a single 
row that may reflect the ancestral history by retaining a pentagonal 
outline. The columnaU vary in shape from disks to long or short 
cylinders, sometimes with expanded ends, and niay have rounded, oval, 
or pentagonal contours with variously sculptured or ornamented surfaces. 
The column als may he alike throughout the stem or differ in shape or 
length at various levels. In the more primitive existing stalked crinoids, 
the stem larks cirri and the column als tend to similarity throughout the 
stem, being short and disciform in some articulates (Fig. \AA, D), long 
and slender with swollen ends in such articulates as BaJkycrinui and 
Rkizocrinus (Fig. 22D). Where the stalk bears vvhorls of cirri, however, 
as in the pentacrinids, the column als to which the cirri attach, known 
as nodeSf are typically longer than the others, which form the internodes 
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(Fig^ 22/4). Even when not differing from the other column als in shape 
or size, the nodes sr* distingnishaWe through carrying the facets to which 
the cirri articulate (Fig. 225). The iniernodt^s r< insist of one or two up 
to 45 columnals, and the numi>er may vary at different levels of the .stem 
The stem grows in length by the fonnation of new column als at its top 
just below the calyx, also by the interpolation of colninnals into the 
internodes. This process seems to c<intinne until the nnmfK*r of inter- 
nodal columnals reaches a figure typical of the s|)cvios. 

The ond surfaces of the columnals are nxnally sculptured so as to 
ht in a lock-and-kcy manner the end surfaces of the adju<*ent columnals. 
This sculpturing shows a variety of patterns, copiously liguivd by 
('arp4*nlcr (IR81) in the ('fiatUngir report on stalker! crinoids. In the 
Pentaerinidac the lnarking.^ a 1*0 nsnallv |M*nlumerou.s|y pc'taloid (Fig. 
22(’) or sugg<*stive of u fiv<‘-p<>inted star, but in other families may take 
the form of ra< bating flu tings or various ridgev. The crinoid stein lacks 
muscles, but the columnuls arc held together by bundles of elastic fibrils 
that lend a cerluin amount of flexibility. In the |x*ntaciinids tlicre aw 
live stub bundles that course I be length of the interiMHles In positions 
rorrcspohcling to the p<‘tals <if the ^rnttern on the end surfm'C.s. In 
other stalked crinoids two such bundles (Fig. 22 A’ > or a circ'lc of short 
fibrils may bind ndjac'cnt columnals. In the Feritucrinidae each nodal 
colnmnul is clostdy and rather rigidly jointed to the intei^iotiul culnmnal 
just below it by ver>’ short elastic filx'rs. Such close unions are common 
among crnmidB and ar<’ terimKl tyzytjies; os the stein lacks flexibility at 
I he syzygies it is apt to lircak there. 

All the columnals are pioix^cd by a small central hole so that the stem 
contains a central tubular cavity in which run exlouaions of the coelom 
and nervous system. 

The cirri are l>onie upon the nodes of the stem, fitting movably into 
the facets or wK'kets of the latter. Typically, in I'entacrinidae there 
are five cirri spaced symmetrically around each node (Fig. 12.4), but 
sometimes only two or Ihwc. The cirri, like the stem, are supported by 
a row of skeletal pieces called ctmtU (Fig. 2'2F. (?). of which there are 
mostly 20 to .50 in each cirrus iu stalked crinoids, 15 to 20 in comat u lids, 
The cirrals, like the columnals, are pieixeeJ by a central tubular cavity 
that branches from the stem cavity and continues the same structures. 
In comatulids the cirri are concentrated around the aboral surface of the 
calyx to which they articulate by conspicuous facets (Fig. 145). 

The cirrals are not necessarily of the same shape or length along the 
cirrus; commonly in comatubds the basal cirrals, mostly two, are short 
and stout, the next ones gradually increase in length, and then distally 
the cirrals decline in length to the tip which forms a claw (Fig. 22F). 
The cirrals may show spiny projections (Fig- 225), especially the distal 
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members, and the penultimate one may hear a long spine opposed to the 
terminal claw (Fig. 22J). The cirrals are held together by elastic 
ligaments (Fig. 22G). 

The plates of the calyx, as seen in repres4*nfative fossil crinoids or the 
more primitive existing stalked criiinid.s. continno the trend noticed 
among cyst ids, being arrang(*il in two or thiee alternating pcnlamerons 
cycles. In the simpler condition, known as mofiocyclic, there are two 
cycles, an aboral cycle of five 6a«3f plates and oral to (his a cycle of 
hve ratiial plates (P'ig. 1-4.4, C). In the alternative condition, tenned 
dicyclic, a circlet of five in/rttbasai plates is present to the ahoral side of 
the basal series (Fig. 3(i/>). Additional plates called inUrradiaU and 
m/cromiiufflcrfl/s may l)e p!x*sent lielween (be radials and arm basi's, 
and a railiaiiaf and other extra plates may ocxur in the anal inteiradius 
in connection with the anal tube. All these extra plates are in fact 
tcgrniual armature and fall under the gruieral category of peri/iomalic 
plates. A lai^e uumf>er of thes<> interpolati'tl plates is esp<*ciHlly charac* 
teristic of the extinct order Came rat a (Fig. 37.11. The infruhasal plates 
are often more or less fused to form one to four plates instead of (ho 
original five, and btsiuns may occur also among the Iwsal and radial cy{*lcs 
(Fig. I b'l, haaaU fusc^dj. 

Existing erinoids depart to a greater i»r les* extent frojn the foregoing 
picture. They are practically all mono<*yclic or at least apjjeur so. for 
ill many cases the infruhusals have l>een lost or n*duced to minute ele- 
ments or incorporated into the top colurnnal. In suclt roses the torms 
pitPudomoni>ci/cHc or rryptodici/clir are applied by some authors. Th<' 
previous presence of the iiifrabasal eirclet can be detected in stalk(*<l 
erinoids by the relation of the angles of the stem to the radial symmetry 
of the calyx; for in a true monwyriic crinoid (he stem angles are neces- 
sarily railial, whereas in a dicyclic crinoid or one dej'ived from a pi'evious 
dicyclic condition, the stem angles are interradial (this is known as the 
law of Wachsmuth and Springer). The reduction or loss of the iafra- 
basals is the lieginning of a general reduction of the plates of the calyx 
in present erinoids. Only in the more primitive existing sUlked erinoids, 
such as flyocnnui (Fig. \4A) and ('o/amocnnu« (Fig. UC), is there found 
a high <‘alyx with conspicuous basal and radial cycles. In the pentacri- 
idtes the calyx is reduced in height, Imt basals are still evident and fairly 
well developed (Fig. 22/C, /.), whereas in comatulids the basals aj'e 
greatly reduced and ^'i8^ble at the surface in only a very few species as 
Aiehcrtnu9 (Fig. 23^). The reduction in importance of the basals in 
the calyx is accompanied by an alteration in their orientation from an 
erect to a transverse position. Either they lean outward, thus pre- 
wmtmg to the exterior only a thin ledge for the support of the radials, 
or they lean inward and gradually come to be pushed entirely into the 
interior, as in most present comatulids. 
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The comatulld caiyx thus comes to differ markedly from the ancestral 
plan. The top columnal of the juvenile stem enlarges greatly, fuses to 
the aboral surface of the calyx, and usually inc'orporates the infrabasal 
pieces. The syzygy that unites the top columnal wilh the underlying 
columnal breaks at some time during ontogeny, and the coinatulid is 
thou stendess and free-moving for the re.st of its life. The top columnal, 
now called ceulrodorsol, forms the major pari nf the adult comat u I id 
calyx in most species. In some that lack cirri or have only a few cirri, it 
is a thin pentagonal plate more or less iiisunk into the radial cycle; but 
in most comat ul ids it is a large saucer, bow), or (ive-angled cylinder 
(Fig^, 14 A’. 2ZB~D) covered externally with conspicuous facets for the 
articulation of the cirri. From its bearing many cirri one might suppose 
that the ccntrodorsal represents a number of fused columnaU, but 
ontogenetic studies have shown that only the top columnal is involved in 
its formation. The greatly reduced basals are fused to form a little 
decagonal disk, the rosittt, with a central hc4e (Fig. 2V'). The rosette 
has been pushed into the interior when' it sits like a cc»ver over the 
interior cavity of the ccntrodc^rsal (Fig. 23/'* K The radials are thus in 
dirt'ct contact with the inner or oral face of the cent rod (►rsal. and this 
face is usually inarkcxl olT Uy five radiating ridges or grooves into five 
areas into which the ratlials fit (Fig. 23 In many cornatulids five 
rod-like pieces known as the 6 oai/ extend from the rosette alotig the 
oral surface of the centrudorsul in the interrudial position, (hat is, along 
the just -men turned grooves or ridges (Fig- 236* ). The outer ends of Ihm* 
basal rays may show at the surface Indwivn the centr<Mtorsal and the 
rtulials (Fig. 23/^) and have l>cen mistaken for basals. 

In the absence of developed infrabasjils and basals, the radials thus 
form the major part of the true calyx of coinatulids, since the centrodorsal 
is a columnal. The radials are rather large wedge-shaped pieces that 
together form the radiai penfa^on, lying upon the oral surface of the 
centrodorsal or on the basal rays when present. This aboral surfac'e of 
'‘tiiO radials is mostly smooth (Fig. 23Fb but iU oral surface is vtty com- 
plicated for articulation with the arm hoses and for the attachment of 
muscles and ligaments. This surface usually bears five depressions or 
Fossae; a large hemispherical aboral fossa that lodges the attachment of 
the fxtemor ("doraar') ligament of the arms; separated from this by a 
tratKs verse ridge and oral to it a pair of fossae for the intcrarticular 
ligaments; and on the oral side of the radials a pair of fossae that lodge 
the proximal ends of the flexor muscles of the arms (Fig. 230). There 
are a number of apertures in the radial plates for the passage of nerves. 
As the brachial faces of the radials are covered in life by the arm bases 
that fit into them, it follows that only a small part of the radials is 
visible on the external surface and sometimes they are completely 
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concealed by the priniibrachii (Fig. 23C). The central cavity of the 
radial pentagon is separated from that of the centrodorsal by the rosette. 

The arms are supported by a scries of pieces called brachiaU that 
live in direct contimiity with ihe radial plates (Fig. '22K, L)‘, in fact, 
the radials prol>ably Moiig lo the arm skeleton and aic tiut culy.^ plates 
phylogenelically. This is evideneed by the fact tliui the radial plate.s 
do not appear in the pcntacriiioul larva until the arm.s are about to 
pus!) out, whereas the iiifralKisal. I>as;d. and deltoid plates may bo 
present even in tbe cloliolaria si ago. Itrachials that precede an arm 
fork are known as axiVfnriVs. Tlic braebiaU of the niibrancliod arm, 
nsuaby two in num))er, arecalltMl primibrach/<, and (lie serin id priuuhrach 
is nsuaily un a>:illary (Fig. '2^lh. (H^eurring at the forking of the arjns into 
10. Tbe braohials beyond tins axillary, including tlie next axillary, arc 
cubed &Titndibrachi*. ibosi* lx*yond the next fork, if it (M*cur.s, air l< liibrachu 
or po/wior*, and thos<* of sucecHding brunches, if any, arc p<t/itp4thiiars. 
iHginally the arms wen* fn*e beyond the rudiuls, but in most present 
criuoids a variable nunilK'r of brucinuls, caikdy'xr/fbraelnals, uit* embraced 
by the teg I lien bnt un^ not then^by ne<*oss»rily rendeivd immovable us 
the teginen is flexible. In coinutulitls usually the two primibrmdis and 
the first thri'e secundibraebs uit* iinlH'dded in the tegmen, Tfie bracluuls 
an^ rouiide<) on tbeir idioral surfaces, deeply grooved on llieir oral surfaees 
for the reception of the umbulacrul grooves and ussociateil purls. The 
axillaries have a pair of sloping shcailders for arlicnluiion with the 
branches that they support (Fig. 23/i). The other bruebials may have 
the form of disks or shoi't cylinders Init in coinalulids usually picsent a 
wedge-shaped profile, being wider on one »de than on the otluir, and as 
successive wedges are alternately oriented, the sutures between them 
give a 2ig7,ag e fleet (Fig. 18^). The eventual jvsult of this prot'ess can 
be the pushing of alternate bruchials to opposite sides of the arm bo 
that the arm skeleton comes to consist of two rows of intcidigl fated 
braehials. This condition is termed tnVnof (Fig. 37.1). while the 
original condition of a single row of braehials is calknl uniniTial and is 
the rule in existing crinoids (Fig. 18.1 ). The biserial condition, however, 
permits a gi'cater numlnT of pinnules and heuee increases the efficiency 
of food gathering. 

The articulations between braehials have been discussed by A. H. 
Clark (U>0t)d) and Oislt*!! (11124). They classify as movable and immov- 
able articulations. The mo\ahle or mus<’ular articulations between 
braehials are the same as those already de.scribed between the radials 
and the first primibrachs; that is, the articulating faces bear five fossae, 
an aboral hemispherical fossa for the extensor ligament, two medial 
fossae for the interartic-ular ligaments, and two fossae on (he oral side 
for the flexor muscles. These muscular articulations may be straight 
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(Fig. 24/1) or oblique (Fig. 24B). The Immovable or ligamentf.ry 
articulations arc of two sorts, synarlhries and syeygies^ Synarthries are 
somewhat flexible, as the opposed surfaces are united by two large 
bundles of elastic fibers fitted into hemispherical depressions (Fig. 24C), 
and the suture l>etweeu the two brachials of the synarthry is as obvious 
externally as that Ixjtwoen ordinary brachials. The syzygy is a very 
close union between adjacent brachials by means of many very short 
elastic fibers distributed over the opposing surfaces. These surfaces 
are sculptured into radiating ridges (Fig. 23«/), so that externally the 
syzygy appears as a wavy line (Fig. 23//) or a row of dots. The distal 
member of a sysygial pair is called the epizygai the proximal member the 
kypozygai In the lO-arrncd condition in comat ulids, the syzygiai pairs 
are very definitely distributed among the sccuiidibraohs, being separated 
by one to four ordinary brachials, according to species and according to 
position along the arm. Commonly, the syzygiai pairs are the 3d and 
4th, 0th and lOth, and 1 4th and 15th (Fig. 24 ^^) in the proximal part of 
the arm; distally the syzygiai pairs are regularly separated by one to 
four brachials depending on the size of the species. In the case of 
mult ibrochi ate species, thesyzygies are greatly reduced in number among 
the tcvtibrachs and postpalmar series. 

Pinnules arc regularly borne on alternate sides on successive brachials 
except that they are wanting on the first brachial following an axillary 
and on the hypozygal of a syzygiai pair (Fig. 18B). Therefore follow- 
ing a fork the first pinnule occurs on the second brachial after the 
axillary and on the outer side of the arm. The synarthroses are 
without effect on the distribution of (he pinnules, The differentia- 
tion of pinnules along the arm into oral, genital, and distal types 
was already noted. Pinnules are supported by a series of skeletal 
pieces called pinnulars that arc similar to brarhialH and aiMj hold together 
by muscles and clastic fibers. Brachials and pinnuiars are pierced by a 
canal for the passage of nerve trunks. 

The tegmen or disk varies from a flat membrane to a high dome, 
embracing in the latter case the arm bases to the height of several 
brachials. This condition U often accompanied by the presence of extra 
plates, mterbrachials and interambulacrals, in the peripheral parts of 
the tegmen. The tegmen may or may not be supported by endoskeletal 
plates. Primitively it conUined five deltoid plates around the mouth 
between the ambulacral groov^es, and thU condition recurs as an ancestral 
reminiscence in the larvae of present crinoids (Fig. 33B) but is retained 
in very few adults (Fig. 14.4-0. Usually the tegmen is filled with small 
plates, closely fitted (Fig. !5.4) or loosely imbedded (Fig loB)* even 
when It appears naked (Fig. 15C) it U found to contain calcareous for- 
mations of microscopic size. 
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Tho ambularial groo\'cs are lodged in a deep depression in the oral 
surface of brachials and pinuulars. Tho lappets, podia, and adjacent 
parts usually contain minute calcareous formations, such as simple or 
hranohod spicules and feitestralcd plates, but in some families the lappets 
contain two rows of plates^ the side and cotrring plates (Figs. 20C, 25A)- 
'I'liose may close over the groo\e8 and podia for protection. The side 
plates may be notched to lodge the saccules. 

Finally thcie .should bo noted a general tendency for the deposition 
almost anywhere in ciinoid Iksucs of calcareous bodies, such as spicules, 
rods, fenc.st rated plates, and so on. These tend to appear wherever the 
connective tissue is not occupied by regular skeletal pieces. The con- 
nective tissue of the body interior is also full of such formations. 

According to an older tcrminolog.v still sometimes encountered, the 
skeletal elements developed around the right coelom are termed abactinal, 
namely, ihe columnals, cirrals, calyx plates, brachials, and pinnulars; 
those developed in relation to the loft coelom are actinal. that is, the 
<loltoids and those associated with the am bul acral grooves; and those 
developed secondarily In the tegmen are peri so mafic, including plates 
associated with tlie anal tube and occurring between the arm bases when 
these are embraced by the tegmen. 


As evident from the foregoing account, crinolds lack regular muscle 
layers in the body wall, no doubt because Ihe wall is stiffened and more 
or less i mm obi listed by the endoskclctal pieces that occupy it, All the 
skolclal pieces are held together by what are called ligaments in the 
literature. These consist of parallel fibers usually regarded as elastic, 
although their IIP tuve is not clear and is subject to dispute- They juust 
have some contractile power os the cirri are capable of some movement 
although the cirrals are provided with elastic fibers only. Typical 
imiscle fibers are limited to ihc arms and pinnules. The brachials 
(except sysygies and synarthries) are connected by a pair of muscle 
maasGS that run from one brachial to the next in fossae situated near 
the oral surface of the brachials (Fig. 24D). These are flexor muscles 
that enable the arms to bend inward toward the disk. Extension is 
accomplished by the ligaments that also run from one brachial to the 
next m fossae. As already noted, there are regularly three such liga- 
ments between successive brachials, a la^e hemispherical one the 
extensor ligament, occupying a fossa on the aboral side of the brachial 
and a pair of smaller ligaments called interarlicular ligaments, found at 
about the middle of the brachial (Fig. 2AA). A similar arrangement of 
muscles and ligaments occurs l>elween the pinnulars, at least between the 
more proximal ones. The muscles are described as a mixture of smooth, 
longitudinally striated, and diagonally striated fibers. 
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I'ly. 25. -(ir»K>ve nervous 9y»lP>n. coelom. A. porlion of e pinnule showina 

arwve plates {aft<r P. W. tVrpeVer. 1S84K B. aboral nervou, center of Afdfijp^. C. a 
of A tdtdpn . enl urRcU , D. *cn*ory papilla of podium . en I ars«d {afttr Rfi4:htn aperotr. 
!w i V ' 5®' ehauibered organ of F. eoelomocyle* of AnUdon. 

W. K. r. a/irr /lamauH, IHH9.) G. H. coclomocylea of Anifdpn CufruA. 1891). J. 
loii*Uii.J»nal »e^llon of a pinnule, showing roelomic pita. {€. J. after CAodtetefc 19Q7 ) 1 

pmnularn: 2^sido a. c-overing plal«; 4. centrodorsal ; 5. ijrliftl platen; 6. decusaating 

aUrn. 7. seTisorj- TriMiln: 8. «m.wy Wrs: 9. IDand ceiU; 10. epidermis; 11. chambered 
orgun. 1.. reutral aland witli aborol end of axiai gland; 13, aboral nervous eentor: 14 
nerve hlrntid; lo. coeloruM: piU; 10. coelooiw spac^ 
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6. Nervous System. — The nervous system is subdi vided int o, three 
systems occupying different body levels and commu nicati ng \n th each 
other. Th e oral or Buverficia l or ccl onturol system runs as a band in the 
ambulacral grooves of arms and pinnules immediately internal to the 
ciliated epidermis from which it is not dehititely separable (Fig. 20F). 
These bands consist of nerve cells and longitudinal fibers and supply the 
ambulacral epidermis, the inner surface of the podia, and adjacent parts. 
The hands from all the grooves converge to five that orossjn the tegmen 
to the mouth where they continue as a nerve sheath along the wall of 
the digestive tract, ^he dccjwr or hyponeurat system consists of a 
pentagon (Fig. 27 A) in the connective tissue of the tegmen lateral to 
the ring of the water* vascular system and of a number of nerves pro* 
ceeding from this pentagon. Some of these nerves innervate the podia 
of the tegmen, the anal tube, and various interna) structures but the 
main ones, 10 in number, proceed to the arms (Fig. 27^4). These fork 
at the arm bases, sending two nerves into each arm, where they course 
along the sides of the arm not far below the surface as the lateral brachial 
nerves (Fig. 2 ID). These supply the musculature of the walls of the 
water vessels, the pinnules, and the outer surface of the podia and have 
strong conncclions with the aboral nervous system. Th«» ffhnm l or 
enioncnral system is the main part of the nervous system in crinoid^ in 
contrast to the o ther livmg^echinodgaii <* 1 asses in which the or^ l system 
dpntioAtca— The^aboral system centers in a cup-shaped mass occupying 
the apex of the cavity inside the calyx; from this nerves go directly into 
the cirrala in comatulids, or in stalked crinoids nervous tissue descends 
into the canal of the columnaU cnshcathing the structures that occupy 
this canal, and a similar sheath is gh^n off into each cirrus at the nodes. 
The^main nervous rpass givei off lalecaliy.five stout-ti-unkg’tfaat imme- 
dialely^bdiv^e into. ten, bul these ace soon .united -br-a-pen^onal 
CQinmissuteioncentric wiih-lhe amn meae-tFig. 25B). This pentagon 
is lodged in the radial plates of the calyx. From its angles five main 
brachial nerves proceed to the fi\*e primary arms (Fig. 255). They 
continue along the canal in the brachials; this canal was originally part 
of the groove lodging the ambulacral system but has become separated 
from it by the ingrowth of skeleton and closed over as a canal. At each 
axillary the brachial nerve forks, and the two nerves so formed are 
connected immediately by direct and decussating (crossed) commissures 
(Fig. 265). In each brachial the brachial nerve presents a s^'elling from 
which 18 given off a pair of nerves into the flexor muscles and adjoining 
epidermis, nerves into the aboral part of the arm, and a pair of lateral 
commissures that join the lateral brachial nerves (Fig 24D) Each 
pinnule IS provided with a pair of nerves, one on each side. As in 
invertebrates m general, the so-called nerves are in reality ganglionated 
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trunks, being accompanicti by bipolar aiul multipolar nerve rolls. The 
foregoing accuunt is l>asod primarily on llamaiin*s study of Antcdon 
utedilrrrafKO (1889); slight difTcronros in llu* pattern o( llic* al>oral 
pentagon and main trtiiiks assoeiatt'ii witi) it are given for some other 
spe< ios by Ludwig (IS77). 

6. Sense Organs. Definite acuse organs arc poorly iu evidoriec in 
erinoids, Jiolug represented ouly by the papillae with vvbieli the fxslla are 
liberally strewn. These arc slender epidermal projeetions with ii few 
sensory bristles and providtHl with busid gland rells whose long neeks 
traverse the papilla and at its tip (Fig. . These jmpillae 

therefore epinbiiic. sensory (prolmhly Ivulile) ainl seeretory fuuetious; 
the see re I ion seems to he of an adhesive iialure. iVofmhly sensory 
runetions in erinoids are S4‘rved mainly hy f)x*<* nerve einling.'^, us many 
of the nerves break up intr» brnnehes that tenninute in fine twigs to the 


surf are. 

7. Coelom. As the erinoids are ecK'loinate uiiiinals. an extensive 
eavity would be exiM*<*tisl Ik'Iwwi the vjilyx inid tegniinal walls and tlic 
intestine. This, however, is not. tjie, ease,' In the iu:ilur<‘ erinoid.thc 
interior is so Ullcil with strand^,. wcIks. iu(d munhrauea uf eomuM tivo 
tissn£^ ofteji^hnpn'giittlod with ealenreous Jxynmtiimi liial the expected 
eoclolu k broken up.iuto many small spaces and in some spe<ies almost 
ohliteraUnL. .11' he <;n<'h>mie spnees arc all lined by a < uboHlal epilhcliuin^ 
al?^ caUed y^udoibcliunj. and eommu ideate with giie uuolher. In the 
coiUcr (»f the hotly oin^hwed by the e.oils of the intestine is a vertical 
(5wlpndc spac'e called the <uhl »inu/i that orally suriotinds (he esopinvgus. 
The axial sinus and the other coeTomir spaces of the body Interior eon- 
tUiuc i n t.o t4te-»rms which enclose four coclomie canals, an al>oral one 
between and l>elow the iwo maasos of the flexor niuscle, a pair of 


ty the foregoing and separate<i from it hy a horU 
»ontal septum and from each other hy a vorlicol septum, and a small 
i^cnilal canal situated in the horUontal .septum and housing a genital 
(_F^^2igi^There is also a minute coelomie canal between the 
watej' oahaTandthe ertoncural nerve band. The main coelomie arm 
canals continue into the pinnules. They intercommunicate frequently. 
In the aboral wall of the aboral coelomie canals, especially in the pinnules, 
less often in the arms, there occur in groups of two to six little depressions 
knowri a.s ciliated pile 9a sides of these are lined by a 

coUunnar, heavily ciliatecT epithelium, representing altered coelomie 
hnmg (that elsewhere lacks cilia), svhile (he Imttom of the pit consists of 
flattened nuncihated cells. The function of these pits is obscure, apart 
from causing some degree of circulation of the c'oelomic fluid through 
the action of their cilia. The partition bet\N*een the subtent acular 
c«)eIomic canals of the arms is lost proximally, and the five canals thus 




Fic. 20. — Internal ^tfuctiirv. 

Ar«»cr»»ui dteorua. B. hia(olociral rtruetur* of the asUI 
C. nislotogicil atrurluro of the »pon^* or^an. ,** 

(A, C, D, after Reifhtfuptfffer. IM5.) I, mouth; J 
4. p rrifinnh» Pa l n tFr u* rtf $, f\rtg can 

canal of walor- vascular system; 7. fenilal tube with ii 
haemal a jistem; 9. breeliiaia; 10. main brachial ner 
-tS 'ffiain aboral nerve center; 14. nerve from aame d 

hla ii a. ■!«. hasal: 19. sections 
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A. InngUudinnj action of the body of the stalked efinoid 

w - .-,.v'r Hanutnn. 1889). 
O. coelomocyie found inside a blood lacuna. 
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«’aler> vascular system; 0, radial 
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r^j^uhing become contunioui« with the oral ea<l of the axial sinus; aborally 
this sinus merges with the coelom ir spacH's I »c tween Iho viscera (pori- 
visreral spaces). However, aboral to the axial sinus the coelom of the 
hotly center is represented by a einious stniclure termed the chambcretl 
onjQu. This in comat ululs is housed in ihe cavity between the rasette 
and the inner surface of the centrodorsal plate and in stalked crinoids 
occupies u similar position. It consists of five coeloinic cavitie.s arranged 
more or less symmotrically annind a central axis (Fig. 25 A’), eompased 
mainly of connective tissue, extensions of which form the partitions 
between the chaml>ers. The chaml»ere<l oi^an is encased in the cup- 
like cavity of the main mass of the ahoral nervous system, so that it Is 
surrounded by nervous tissue. The chambers aiv situated in the radii 
in <]icvclie crinoids, interrudially in momMyclic forms. In the oral 
dirc<nion the five cavities <liminish and soou end blindly; aborally thew 
coiUiiuie as the canals of the cirri- These canals are subdivided f>y a 
h(»ri/ontal partition of coniuH^tive tissue coiitimiuus with that of the 
partitions of the chambeml organ- The rirral canals are thcrefoi'c of 
co(*lcnni<' naluiv; they are embraml by Ihe OIkts of the cirral nerves. In 
c<iiiiatitlids the cirral canals arise from Ihechamixrred organ in five groups; 
in stalked crinoids tlie live chund>c'rseontinue along ihe center of the stalk 
us live more or less evident canals groupcid aroujid a central cord of 
<*onuective tissue continuous with the central axis of the chambered 
organ (Fig. M each node, each of the five cannU gives o(T a 

canal into one of the five cirri usually pivsent. These canals in columnals 
ami cirri arc sheathed hy nervous tissue that forms the nerves of the 
stalk and cirri already mentioned. 

The ewlomcicyies cd criiioid.s have hern descrilxHl by Cu6iot (1891, 

1 900), Hainan n (1889), and Ueirhen»|>erger (1912); the to diffe r 

s.niic!\vha1 ill diffi-rc-iit <-|iuQuJs. (’ii«not first observed livo sorts of cells, 
a small finely Kiaiiiilar type with short pseudopods (Fig. 25//) and a 
lamer pyriform or oblong, very slowly moving cell filled with coarse 
.spherules (Fig. 2.V;); laL<xJl& addftd a third typo fijiaj with safranophil 
i-.nls, rounded when free in the coelomic fluid, pyriform when migrating 
ilirough the tissues. Hamann noUced u, ab,„Kiftn«- of wandering 
amoeboid cellsjii various trimuds and also-figured two types TFig. 25/’), 
neilbei- of which much re.sembles Cudnot's forms. In Aniedon Reichen- 
spci^ir reported two kinds of coclomocytes an amoeboid form with 
.short pscudopods (Fig. 43/1), clearly identical with Fig. 25H. and proved 
by him to have phagocytic functions (Rg. «»), and a type similar to 
one of Ilamann’s, an elongate cell filled with rods and granules (Fig. 43C). 
All observers indicate that the coelomncytes wander about- freely and 
111 act arc more abundant in the tissues than in the coelomic fluid, being 
oun in numbers, especially the granular type, in the connective tissues. 





«lar 8>'8t«m. digestive •ystero. A. txan* verse section through tbo 
a. OJgwtive trAct oi AntedoR with meny divenicuJa (after Chad^ 
omuATuIar e«H of the well of » rediel water vessel. D. scheme o^ 
ysiem. scheme of m eaoeyclic dlfipsliye system. (D. B. a/ur 
ludina] section of the ejiil tube. (A, C. F. a/f^r Hamann. 18S9.) 
, radial water canals: 3. nerve pentagon of deeper oral sj'stom; 4 
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beneath the hitcsthial epithelium, near the epidermis of pinnules, legmen, 
and ambulacral grooves, and along the nerve cords. 

8. Axial Gland. — Inside the axial sinus there is found an elongated 
glandular body, the axiat ylanti (variously called in the past heart, 
dorsal oj^an, axial organ, genital .stolon, oveud gland, and other names). 
The axial gland consists of tubules of euboidal gluu<lular epithelium 
imbedded in coimective Iksue and covered es ten tally by <ocloniic 
epitheliuin {Fig. 26B).^ It coiiiimies almially through the eeulral hole 
of the rosette into the central strand or ci»nl of the eh am Ik* rod organ, but 
the glandular tubules .soon diminish ami di.sappoar, leaving onlv oon> 
ucctivc tissue. In the oral diivetion the axial gland eeuses in the vicinity 
of the mouth, where it is elo'^dy ndut(*d to a plexus of the haemal .system. 
.Vn endocrine function of the gland Is >»ugge.sled by its histology, lark of o 
duct of (iisrharge, aikI proximity to haemal plexi. The slaiernent often 
seen that the axial gland gives ri«* out og<*iu‘ti rally to the genital stolons 


iH erroneous. 

. \.^Water -vascular System. This system in rrinoicU follows the 
same general plan as in other erhliMMl<Tms but ililTers in the lack of a 
direet eonnertion with the exterior. The andmlarrul grooves, areom- 
pained by pmlia and sareulos. I)egln at the ti[w of the iiinnules. run along 
the oral surf are of the pinnules and arms, and ecu verge to five grooves 
that cross the teg men and terminate in u rxmt agonal depix^asion around 
the mouth. .The alwenre of amhulaeral grooves on eertuin pinmiles and 
the asymmetries of the tegmiiml grewnes in the <‘omasleridae were 
already notetl. The amliularral giXHwe.s are everywhere ueeompanied 
by an underlying canal of the water- vascular sy.stcm. This canal lies 
beneath (aUoral to) the epidermal norvou.s layer of the groove except 
that a small coelomie canal intervene.^ l>ct wecii the nervous hand and the 
water canal (Fig. 2-l/>). each arm the wiif.cr canal brandios odtcc- 
natcly to each .side into the pinnules (including pinnules that lack 
ambulacral grooves) and similarly in arms and pinnules alternately into 
the groups of podia when present. Each group of three podia receives 
one water canal (Fig. 200) lhal branches to l>eeome the hollow interior 
of each podium of the group. The water caiiaUIrom the arms converge 
to five mam radial canals lying Ijcncalh the ambulacral grooves of the 
legmen and the.se enter the main rmg, canal, a flattened pentagonal 
ves.sol Fig. 27X) encircling the mouth iiilemal to (he pentagonal ambu- 
lacral depre^.on around the mouth. The ring canal .sends a branch into 
eoc^oj^e l^ial podia (which as already noted occur as single fingers) 

u:;«nuon7f -r .^ph«.e.i wan. 

II. rectunr 12 anus* 13 i ’ \ ^ braiiched divcrtuulo; 10 , tnal 

Utoue; IS, »pQc *9 in i^ohn^tiv^ •piOermi..; 1$, body-woll connective 

0/ itium: 10. Unmg epithelium oJ rertgm. r«mm: 18 . connective tissue 
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and to its outer side gives off a large number (about 30 in each interradius 
in common comatulids) of small short tubes, the stone canals, that open 
into the coelom at their free ends (Fig. 27^4). The ciliated funnels 
through the teg men were already noticed. 

The water vessels, being of coelomio nature, are lined by a ouboidal 
endothelium, outside of which lies a layer of longitudinal muscle fibrils; 
these, according to Hamann (1880), are processes of the endothelial 
cells, hence the latter arc epitheliomuscular cells (Fig. 20F). The 
Inmina of the larger water vessels are fre<|uently crossed by strands of 
muscle fibers that presumably act to dimmish the diameter of the water 
vessels, whereas the longitudinal fibers of the wall would shorten and 
broaden the vessels on contraction. The podia are clothed with epidermis 
taller on their inner than on their outer sides and fiequently elevated 
into the sensory papillae already described. Beneath the epidermis of 
the inner side of the podia lies a nervous stratum continuous with the 
ectoncural band of the amfmlacral grooves, while the outer side of the 
podia is supplied from the lateral brachial nerves (Fig. 24D). The podia 
are therefore exceedingly well innervated and are in communication with 
all three nervous systems- Internal to the nervous stratum is found a 
layer of longitudinal muscle fibers, and the cavity of the podia is lined 
by coelomio endothelium (Fig. 21 F). The walls of the water vessels 
and podia also contain some connective tissue; circular muscles arc 
entirely wanting. 

10. Digestive System.- -In the majority of crinoids, the mouth is 
more or less centrtd on the Jisk, a' cdnaTtlon spoken of as fnHorncHc 
(Fig. \5A-C), but in some comasterids the mouth is gr^tly displaced 
to the periphery of the disk (Fig.T3If, K), and such crinoids are termed 
exocyclic. The mouth leads into a short esophagus from which in 
endocycUc crinoids the intestine or mid-gut proceeds aborally and 
laterally, approaching the inner surface of the calyx and making a 
complete turn in a clockwSse direction (Fig. 27D) as viewed from the oral 
surface, finally proceeding orally as the rectum in the anal tube and 
opening by the anus, sometimes edged with small papillae. The intestine 
may be enlarged as compared fhe_«qe^gus and often bears lateral 
outpouchings, two of which in common species ofXnfcSon are very long 
and branched distal ly (Fig. 27 B). In exocyclic crinoids the intestine 
makes four coils that are not «ider lhaii the esTiphagus and that lack 
diverticula (Fig. 27E). 


The ambulacral epithelium of verj- tall attenuated ciliated cells 
continues down the esophagus, where it is liberally provided with mucous 
goblets (Fig. 28X). The epithelium is underlain by a nervous layer of 
the ectoneural system continuous «ilh the nervous bands of the ambu- 
lacral grooves. This ne.vous layer forms a sheath in (he base of the 
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esophageal and intestinal epithelium but gradually diminishes and dis- 
appears along the intestine. The epithelium of the entire digestive tract 
except the terminal part the rectum is ciliated- Tn the esophagus 
outside the nervous layer is fouTid a slight amoutit of connective tissue 
followed by wcl]-de\'C loped circular muscle fibers forming a sphincter 
several layers thick. This reduces to a single layer along the intestine. 
The anal tube is a body-wall project ion that encloses the rectum to which 
it is bound by connective-tissue septa (Fig. ‘27F). The rectal epithelium 
is diminished in height as compared with the rest of the digestive tract 
and gradually loses its cilia but is ri ch ly fur nished with mucous goblets 
(Fig. 28'^). The rectal epithelium is heavily u n dcrl a i ii mt h _c on nec ti ve 
tissue, here much thicker than elsewhere in the digestive tube, followed 
by a layer of circular muscle hber^ ^he anal tube is capable of con- 
siderable movement and is reported to en f sige in rnvth mical c ontractions, 
taking in and ejecting water, possibly as an aid in the elimination of feces, 
possibly as a kind of respiration. 

X 11. Blood Lacunar or Haemal System.— This consists of a well- 
developed but somewhat indefinite system of intercommtinic&ling spaces 
in the strands and webs of connective tissue that fill the body interior. 
As these spaces lack a definite lining, they are better tariucd l acunae than 
vessels; they are outlined by conucctivo-t issue covered external ly_with 
coclomic endothelium^ They arc distinguishable from ordinary con- 
nective-tissue spaces by the fad that the contained blood coagulates on 
fixation and takes a definite stain in sections. vThe morphology of the 
lacunar system is not too clear) as the system can be followed only in 
sections. Original findings on the system have been published by 
Hamann (1880), Reichensperger (1005), and Chadwick (1907). ("it 
appears that there is a plexus of large lacunae around the esophagus close 
to the main ring of the water- vascular system (Fig. 20^41. This is 
termed ycrieiophagcal j>lcxu$ by C u^not (1948). It is ejected with a 
general plexus just beneath the tegmen (suUc^fminal plexus) that in turn 
is related to the genital tubes of the arms. (From the periesophageal 
plexus branches with thickened walls pass aborally into a cellular reticu- 
lum called the spongy orj?an,yvhich is host or only developed on one side 
and is intimately related to the axial gland. In Neocrinus dccoriis 
(Reichensperger, 1005), the spongj* organ extends along one side of the 
axial gland (Fig. 264} length of the latter, but in the 

cpmatulids investigated, accompanies only the oral half of the gland. 
In either case the spongy* organ sends a mesh of lacunae toward the 
axial gland, but most observers deny the presence of blood lacunae 
betw^n the tubules of the gland. The spongy' organ consists largely of 
rounded cells forming a mesh with very small lacunae in the 

interstices. It was noticed by early workers under the name of labial 
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pkius but does not seem to be an ordinary haemal plexus. Cuenot 
regards it as a lymphoid organ that produces the coeloinocytes. The 
ixial gland may also be supplied directly from the pene,«)phagoal ring, 
(n the more aboral parts of the IhkIv ihore an* largo lacunae arranged in a 
circular fashion between the axial siuuKainl the intestinal coil and sending 
branches into the latter by way of the connective-tissue layer of its 
wall. The genital tube conveying the sex cells ^cpI•c^^'n1s the only blood 
lacmui in the arms, as all other spaces of the latter are coelomic. 

^hc blood filling the lacunar system is a highly proteinaceous colorless 
fluid that coagulates on fixation and hence l>ecornes vUible^ It seldom 
contains any cells; any that do o<*cur are identical with the coelomocytcs, 
which as already indicato<l tend to wander every wlic re in the erinoid 
body. Reichonspergor (lOOoj figures a blood lacuna containing an 
imoeboid coclomocytc of the ty|>e with short point ckI pseudopoda 
;Fig, 20D). 

12. Reproductive System. ** The gonads are located either in the 
arms or in the genital pinnules, usually the latter, and aiti evident at 
st'xuul maturity as swollen areas. Crinoids are dl<w>cious. but the sexes 
arc indistinguishable ox tern ally e.vcept for the hro(xi chambers of the 
females of some species. The gonads aiv not definite bodies but simply 
massc.s of sex cells filling the geiiital cavity <»r arms or pinimlcsJ The 
primordial sex cells reach their definitive icK'allon by way of tMgfnifal 
cords, which are strands of cells located in a gmi/of canal traversing the 
urnw. The genital canal is a coelomic oxtejjsion lined by endothelium 
located in the partition l>e tween the almra! and suhtenluculur coclomic 
canals of the arms U'ig. 2U)J^ Typically, the genital canal contains 
another lulx*, the gcniUd'tubc, suspended in it hy strands of connective 
lissuo, and inside this U found the genital cord or rachis, a solid strand 
of cells attache<l to otic wall of the lul>o (Fig. 28^). fn some crinoids, 
however, as Anlctlon hijida, des<'rif>e<i hy Chadwick (1907b the genital 
lube appears wanting, and the genital cord, at first solid, later developing 
a cavity, occupies the genital canal directly. The geniUl canal gives off 
a branch mto each genital pinnule, and this expands therein into a cavity 
that becomes filled with sex cells. The genital tube is usually stated to 
^>e a blood lacuna connected with the subtegminal plexus. The genital 
cords along which the primordial sex cells reach the gonads cannot be 
y iraocd cen.rally in adul, crinoids; they ere gradually lost 
iti the meshes of the subtegminal lacunar plexus 

. proh^ly hrred at a definite season of the year over a oeriod 

of 1 or 2 moiiths71)Ut different species, even in the same locality, 
breed at d.lTercnt limes.) A. H. Clark (1921*) has listed the data avail^- 
hie to that time on the breeding season of comatulids; for most of the 
species the time of breeding lies between January and October. The 



of M»trul«ion by*«in1i^ Tn ‘n«TO«ion . B. C£iD 
D. blastopore closed, archenleron conatrictjor 

section, showing beginning formation of the coelomk ^oi'^yidmal horisonta 
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common littoral comatulid of western Europe, Aniedon hifida, spawns 
from the end of May into July; the Mediterranean species, .4. medi- 
Icrranea, mostly in April and May, but apparently also throughout the 
year; and the Adriatic species. .1. adriatica (* rosacea), from April to 
the end of June. Mortensen (H13T). working at (lhai'dacja on the Hod 
Sea, found Tr</piomclra andouini sho<lding eggs at the end of April and 
Umprometra klcimingeri at the f>cginning of May; the latter regularly 
spawned at 7 p.m. In the same region. Ifctrromvtra sarigngi spawns m 
late August, at about 3 p.m. (Mortonsen. 1038). The same author 
(1020b) obser.'ed the spawning of Tropiometra rariuaia in March and 
April at night in the British West Indies and found specimens of Flora- 
mdra senatissima with nttache<l young in June and July at British 
Columbia. The nioftt exact ohservati<Mis on crlnoid spawning are those 
of Dan and Dan (HMD on ('omoftfhuH jaj>onicus, a littoral Japanese 
<'(jmutulid. Obwrvution.s coniiiiuwl over I years showed that this 
species Spawns on<*e annnally, during ihe tlrst half of October, when the 
moon w in the first or lust c|uarter. Practically all individuals spawn 
oil the same afternoon, around 3 to 5 p.m. Individuals placed In luhora' 
lory a<iuaria 2 weeks before the spawning was due, and thus reinovt^l 
from any action of the tides, nevertheless spawned Bimultaneously with 
those in nature, and the same was tnic of isolated arms and pinnules. 

The sex colls escape by rupture of the pinnule wall, and the eggs either 
fall to the bottom or arc stuck to the pinnule# by the secix'tion of the 
cement glands already mentioned. Attachment of the eggs to the 
pi n nu les I s charac terist ic of the go n ua .1 n/cdon . 1 n Co ma « f ft « s ja pan icus, 

rupture occurs through preformed thin spots on elevated ureas of the 
pinnules (Dan and Dan, 1941), and the same is probably true of other 
crinoids. Typically, males spawn first, and this stimulates (he discharge 
of eggs, which are thus fertilised immediately upon extrusion. Dan and 
Dun 1 ‘cpnrt that all arms of the multibrachiate Comantims japonicus 
spawn simultaneously or nearly so. 

The fertilised eggs are enclosed b a definite membrane, probably a 
fort ill/ at ion membrane, smooth or covered with spines or otherwise* 
ornamented. Dan and Dan (1941) noted the appearanro of spines on 
the fertilization membrane during its elevation after ferlilixation of the 
eggs of Comanikua japonicua. (in most crinoids de\'elopment occurs 
inside the membrane to a ciliated stage that es<*apes through holes in the 
membrane, probably the result of eiisyme action, and swims about as a 
characteristic larva (Fig. 30) for a varying period before attachment^ 
However, the eggs develop in brood chambers in a number of antarctic 

F. cross section of a stage similar to B. showing subUivLoons Of tlie coolom (a//er Btjrjf, 
ISSS). 1. ftrehenterou: 2, ectuUerm; 3, cntomesodermal mr>ench> me; 4. enterohydrocoeU 
5. somatococi; S. risht somatovoel: 7. left ecmatocoel: 8. axocoel: 9. hydrocoel: 10, 

• cntcron; 11. bcalnnins stomixlaeal thirkenins. D. V. R, L. dorsal, ventral, right, left. 




\ 



R I ' dolipUtifc of ATUedcn bifida. 

with fiv« ciliary rings . seen 

i showing primordia insidp (after Seeli^> 

• ?*“ beginning skaUton. (A. S. 

' anwi^ «««>ry tuft; 3 . adhasivp pH; 4 . vastibule: 6 . 

^***'' coalom; 10. left coalom; U- 
•»• vUcr.; 16. primary .Be.en- 
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comatiilids, mostly of the gonera Isomftro. Xolocrinus, and Phrixonieira 
(^iol•lOlIson, 1020b; John, 1038). (ionada and brood chamliers are 
located in the arms at the pin mile Imsos in Xolocrhius (Fig. 280), in 
the pinnules in the others. The hrcxMl ehaml>er or marsupium is formed 
of a body-wall invagination adjaeimi to the gonad, and this expands into 
a sac n'taining an external ajjerture. Appi'ireutly the eggs get into the 
inarsiipium hy nipturo tb rough the wall intervening I m* tween ovary and 
marsupiuni. In thes<* brocMlIng sin^ ies. the eillalisl friH'-swimming stage 
is nioi'C or le.ss snppre.<«*tl, and in Piirixonufra nufrix, probably al.so in 
Kcmpometni grism. development in the inarKupium ecmtinue.s to the 
stage of the stalked larva, whieh is found projecting from the inursupitim 
trig. 28^;, The egg proiluelion of viviparous species is generally 
reduced as compared with that of other ecmmtulids. and usually only a 
few eggs are fouiul in each marsupinm (Fig. 28F). In hometra viripara 
it was discoveiTcl by Andersson (11>08) mui verilied hy Morterisen (l!)20h) 
that sperm ain* proMiit in the genii ul (iiIh* of the ovary, so that the eggs 
im* apjmitaitly fertilized U'fon* exlnudon. How the sperm are able to 
get into ifie interior of the ovary ivmaln.** unexplained, 

13. Development. Knowle dge of rrinoid emhryoloigv deri c^s rh lofty, 
t^rom old sttalies, those of Thofnson tJSlMj, W. H. CarfHaitei llftbb, 187()), 


MeisdunkolV (1871). Perrier (188ll). Bnrrois (I88S), Bury (1888). and 
SjuJiger iJ892). These workers usihI sjx’cies of C'onsidciable 

iiiformulion on (he development of speiies of olh<a' genera has boon 
birnished by^Mortensen (lt)20b, 1931. 11*37, 1938), but the luost complete 
ucc^jl^ Slill jhi^n^SejJiger (1892) for Aiifahn tidn'afiea (which he 

.fThe- 


A. 


culled rotavcdf. and his descriplion is here followed. \ e gg 

inid<»rg<s»s indeterminate, ho lohhislic. nrm:i^;_oou«l elc av ago of the radial 
• .V pt^ (T, '*pog e 2577, TKaT is, I he tiers ofMastomeiTS lie in line with each 
ot herT'^TTiere i‘esuUs a typical coeloblastula. Oastrulatiou begins as , 
unipolar ingressipn (Fig. 29.1 ) hut gradually alters to the ernbohe typ€‘ 
(Fig. 20B). The advancing entodennal invagination proliferates to a 
St rat died condition and begins to give off numerous cells into* the blasto- y 
cool (Fig. 20C); these rcpi’cseni the first part of the entomesoderm and^ 
tiUte on the appearance and functions of mesenchyme (Fig. 29£;. After 
the complctioM uf gastrnlalion the blastopore closes and the archehtei^ 
is cut off us a closcjl^e lying in the blast cwoe| surixiuiided on three sld’es 
by niesencliyme (Fig- 2f)/^)- In .1. a<lriatir<i this .stage is reached after 
about 3C hours of development. 

The axis of the embryo passing through the site of the blastopore may 
be regarded as the anteroposterior axis. The archenteron lies in the 
|K).sterior part of the embryo, which otherwise is filled with the entomeso- 
dermal meseni'hyine. There tmw forms around the middle of the 
nrchenteral sac a circular constriction in the transverse plane, dividing 
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this sac into tsvo vesicles, an anterior one, the enUrohydrocoel, and a 
posterior one, the somatococl (Fig. 2?)/>). The formation of mesenchyme 
has continued up to about this time. The somatocoel elongates laterally, 
becoming a dumbbell-like figure with expanded right and left ends and 
const lie ted middle (Fig. 29E). These two ends ai^e the riffht and Ufl 
ftowQlococls (called posterior coeloms in older works). The entero- 
hydrocoel curves around the constricted middle part of the somatocoel 
in a plane at right angles to the elongation of the latter and takes on a 
crescentic shape, with one hern of the crescent doi'sal to the middle of the 


somatocoel. the other ventral to it. and its main part directed anteriorly. 
The embryo thus now presents a distinct bilateral morphology with right 
and left sides, dorsal and ventral suriaces, and anterior and posterior 
ends defined. The somatocoel continues to constrict medially and 
finally ruptures into two sacs, the right and left somatoeools (Fig. 2f)F). 
The enterohydrocoel gives off a considerable ventral process that sepa- 
rates as a coelomic sac. the hydrococi (corresponding to the left hydrocoel 
of other echinoderms) ; the 1*0 also comes from it a narrow dorsal evagi- 
nation. the fixoeod (Fig. 2QF). What remains of the central part of the 
original enterohydrocoel sac together with the two horns sent out from 
this sac fuse to become the enteric sac, which represents the future 
Inteatiue, This stage is reached after about 3 days in A. adrialica. 

Meantime the embryo has been elongating in the anteroposterior 
axis and now plx^8cnt^ an oval shape. At its anterior end, the end 
opposite the original blastopore, there appears a typical apical sensory 
plate provided with a tuft of cilia (Fig. 30). This is underlain by nervous 
tiHKue of ectodermal origin from which nervous strands proceed under 
the ectoderm along the sides of the embryo. There have also been 
forming around the embryo by ectodermal differentiation four or five 
ciliated bauds, about equally spaced along the axis. In Anfedon bifida 
figured by ^VyviIIe Thomson (1863), there are four bands (Fig 30A) 
whereas m .4. meditenanea (Bury, J888) and A. adrialica (Seeliaer' 
1892) there are five (Fig. In the mid-ventral line near the ap^al 

tuft the larva baars a glandular actodarmal depraaaion, the adhesive 
ptl that .nterrupte the first chary band when five are present (Fig 30C) 
but hes above .t when .here are four (Fig. 30.4). An elongated mid- 
ventral depress.on, the stemodaeam or res.ffeufe. occure l,etween the 
first and second bands (b.g. 30A) or second and third (Fig. 30C) dis- 

rareTin^sm^n ^ enteric sacs lie concen- 

rated in a small area in the posterior part of the larva (Fig. 30Z)) and 

the remainder and larger part of the interior is filled with mesenchyme 

Dunng the fifth day the Aniedo. larva ruptures the 4 rem^ne 

variable period, usually a few hours to a few days. Haeckel’s .^rm 


I 
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FlO. dl.^Emhryolocy, doliolaria larva (continued) 
of AttUdon. 7 da>'» old, taken near (he dorsal surface. 
Hurfave. 

Stfliocr. 1892) 

1, apirol saneory pit 
ectoderm; 5. mesenrhyme; 
left coelom; 9. enteric sac; . 
in hydroeoel horseshoe; 14, 
coluninnle; 18. adhesive pit. 


(<4, D. after Bury. 1888.) C. vertteaj longitudinal section of similar larva (after 
D. vutuera seen from ventral side before rotation (after Hofrou, 1888), 
2, ciliary rings: 3, nervous tissue associated with sensory tuft; 4, 
6. outgrowths to form ehanbered organ; 7, right coelom; 8. 
10, axocoel; II. hydropore; 12. hydrocoel evaginations; 1 8^ gap 
, sva^ftalion for stone eanal; 15. hydrocoel; 16. vestthuie; 17, 
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fiob'olaria, revived hy DawydofT (1928, l(M8). is a convenient appellation 
for the larva- Sooner or later the doliolaria attaches by the adhesive 
pit, and the original anterior end thus becomes the attached or aboral 
surface, while the original posterior or hlastoporal end becomes the free 
or oral surface- The ciliated bands and apical tuft and accompanying 
nervous tissue degenerate, and the ectoderm of these areas reverts to an 
ordinary* epithelium. 

By this time the endoskeletal ossicles have begun to appear and 
various changes occur in the coelomic and enteric sacs ?ind in the stomo- 
daeum. The latter, eom posed of tall ciliated cells, deepens and lengthens, 
and its edges begin to fuse, from its posterior end anteriorly. There ie 
left for some time an anterior (aboral) opening (Fig. 32.1), but this also 
eventually closes, and the stomodaeum, which has now lost its dlh/., 
remains as a flattened sac, usually called I'cstibuh, lying in the interior 
along the ventral surface- Mn the posterior, now oral, end of the larva 
lies the enteric sac surrounded by the four coelomic sacs: the right and 
left somatococls, the hydrocoel. and the axoeool) (Fig. 31C)- The 
oxococl early makes a connection with the surface, opening there by the 
hydropoie (Fig. 31 B), located on the left side of the ventral surface of 
the doliolaria, iinnWiatcly anterior to the third or fourth ciliated band 
(Fig. 30B). The axocoel and hydrocoel are the first and second coelomic 
compartments of the left side; the cori'esponditig right members are 
missing in crinoids. The two somatococls arc the right and left com- 
ponents of the thinl coelomic compartment. The hydrocoel, lodged 
between the vestibule and the enteric sac, elongates to a crescentic form 
and puts out five ev agin at ions that butt against the inner wall of the 
vestii>ule (Figs. 3lB, 32/1); these arc the primary podia, later the radial 
canals of the water- vascular system- From the left end of the crescentic 
hydrocoel there is sent out a small projection (Fig. 3 IB), which later 
meets the axocoel to form the stone canal or canal connecting the water- 
vascular ring with the hydropore. The two somatocoels, which at their 
origin were symmetrically disposed, shift to asymmetrical positions. 
The right one expands and shifts dorsally and pogteriorly, coming to 
occupy temporarily an almost completely dorsal position (Fig. SOD). 
The left somatocoel similarly expands and shifts venirally, also ante- 
riorly, coming in contact with the hydrocoel (Fig. 30f>), Whei'cver the 
inner walls of the two somatocoels meet, there is formed a longitudinal 
mesentery, which, however, as a result of the shifts mentioned, is oblique 
(Fig. SOD), rather than longitudinal, and curved, with the concavity of 
the curvature directed anteriorly. 

At about this stage of differentiation, shortly after attachment, 
there occurs a rotation of the internal organs of about 90 degrees fronj 
the ventral to the posterior (oral) position. The vestibule, previously 
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Fto. 32.— Embryology (continue4) 
rot Uion (a/ttr Darroit. )B88>. D 
(a/Ur Burff. ISSB). lacvA 7 d«ya old 
cnldown. ( 

or aboral coelom: Q. horUontal 
10. ftbornl vorlico! mesentery; 


succesMve stages of 
iecUw of larva afUr rotation 
, . K I ^ I > . ‘ figure* are now oriented with the original anterior 

1. veslibglc; 2. Uydroeoel eva«inalions: 3. awcoel: 4. left ororaleoalom; 5. right 
inwntery: 7. larval Ualk: 8. enteric sac: 0, hy drocoel ring: 
otil^rowths for chambered organ; 12 . eolumnals* 12 
evegmationtoform mouth and pharynx; 14. c«ial from axoroel to hvdrooora: IS hvHronn^i 
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v<*iitra]. now romos to lie in the free or oral end of the larva (Fig. 324, B), 
ami the other internal part^j i*otate with it. The long, originally anterior, 
part of the larva Iveeomes a stalk (Fig. 32) and rapidly narrows and 
elongates, a 'ready eontaining a series of skeletal pieces representing the 
colnmnals (Fig. 33^). The vostilnile. ot'ciipying the whole oral end, is 
somewhat howl-ljk<\ with outer convex surface close to (he oral ectoderm 
and inner concavity fitting over the hydroeoel (Fig. 32/^). The five 
projections of the hydroeoel butt against the inner vestibular wall and 
force it into the vestibular cavity as five fingers (Fig. 32 i)) thus clothed 
with vestibular cct<Kienn and fined with the coelomie epithelium of the 
hydroeoel wall. The eeiitral part of the inner vestibular wall puts forth 
an outgrowth through the center of the space embraced by the horseshoe- 
shaped hydroeoel: this outgrowth fuses with (he underlying enteric sac, 
and month and esopliugns arc thus e.stablisluHJ (Figs. 32^, 335, C). 
Roth som:ito<»<M‘ls now ein brace the enteric sac, with the left one oral to 
the right one iFIg. 32). The right somatoowl. now the most aboral of 
the internal parts, gives off five tubular extensions Into the larval stalk 
(Fig, 31.1, C), and tlic.^e become the five chambers of the ohamberod 
organ. The main mesentery wherv the two somatoeools meet along their 
«ut faces of contact now ha.s a horizontal orientation (Fig. 32/1-/)). Both 
somutoeoels ai'o somewhat eres<'etitic: their blind ends meet each other 
r^eur what was the original mid-ventral line, forming two short vertical 
mesenteries (Fig. 32/>). but thesi* are not exactly in line with each other, 
hciico do not both show on the same longitudinal vertical section, as the 
more oral one is to the left, the jnoro aboral one to the right, of the median 
line. By the continued narrowing and elongation of the stalk and the 
rounding and expansion of the oral region, the larva takes on the appear- 
ance of a stalked pelmatozoan (Fig. 33/)). Following Perrier (1880), 
this stage Is calked ry9tiffcan by some authors, including Do wy doff, from 
a presumed resemblance to a cyst id. Others find the name objectionable, 
and in fact there is no gj-eat resemblance to a eystid; but the term has a 
certain convenience, 

' During the foregoing changes, the skeleton has been developing, 
l>cginnlng, in fact, in the dollolaria before attachment. The skeleton 
is secreted by the mesenchyme cells, part of which become skeletogcneous, 
while the remainder differentiate into connective tiasue, muscles, and 
elastic fibeis. The secretion of the skeleton begins by the formation of a 
spicule of calcium carbonate in.side a mesenchyme cell. This spicule 
begins to branch, and other mesenchyme cells gather around to assist 
in the formation of more branches. These branches fuse to form a 
fenestrated plate (Fig. 33.1), and such fenestrated plates constitute the 
juvenile endoskelelon (Fig. 335, D). They increase in size peripherallv 
by the production and fusion of more branches, and by the .same process 
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eventually become threc-dimcMsional- In I he larval stalk a row ol* 
columuals appears at an early oyslideaii siajj,. (\>\yr 32 // 1 ; these iiradually 
curve into a horses hi)e shape and eventually Hose an mud the live exten- 
sions of the chain heit’d orKun. thus fMs'oniiiur hrdlow cylinders. I'he 
attached end of the cyst idea n larva expands into a simple or lol minted 
disk inside which a skeletal plate is xoeirliHl (Fi^. In (he cniwji 

region there appears a series of plates in cycles encindiiig the visreru. 
At this time Iheit* are two main eyeles. both inlernulial in jmsition. an 
al>orAl cycle of five Imsal plates and an oral evHe of live oral or deltoid 
plates: and usually there is also pit'Muit uboral to the f>asjd cycle a cyt^lc 
of tlnve to five small infroliasals (Fig, A3//) that mhui fuse with the top 
eolumnul to lK*come the ceniriKlorsal piece. The skeleton of the An lido n 
larva thus lecapitidates that of an ann'stml si a Iked |>idiiiu<<);'nan (>( the 
<licy( |j<* type. 

Throughout this [Hwiod the larva nunains cloMal orally and hence is 
unable to nourish itself. However, nulriliuii is ohiaiiiiHl from cells lliat 
come to fill the cavity of the enteric sac niid aie there histniyzed and 
digested. According to Seeliger (lKll2i, these coll.< ore entcxlermal, being 
freed from the wall of the enteric sac. but Morlensen tlli2()h) inclines to 
regaixl them as inwftndm‘d mesenchyme cells. One suspects that they 
are atnoelmid mesenchyme <*olls that have accpniecl food stoics by 
phagocylixiug tiegenerating tissties elsi'wheje in the larva. 

After a few days of attached life, the oral snrfa <‘0 of the larva opens, 
bp to ihU time the oral surface has formetl the roof of the vestifnile and 
contains the five deltoid plat<*«. Five grooves form, alternating with 
these plates (Fig. 33 />j, and the oral surface splits along these grooves 
into five lobes or valve.s, each containing a deltoid plate, The.se lobes 
stand erect, ami the dc(jiiitive oral surface, which was the vestibular 
floor, is now expc«Hl to the exterior (Fig. 34}. The pmlia. which mean- 
time have each put out two lateral po<lia, so that there are five radial 
groups of three each, extend freely into the water (Fig. 34) They arc 
mu< h elongated and already provide<l with conspicuous sensory papillae. 
Soon two additional podia appear in each intorradius between the 
primary groups, so that there are finally 2r> podia. The first saccules 
have already appeared as five conspicuous ho<lics. one in each radius 
helwoen adjacent deltoid plates (Fig. 33/;). They are formed by the 
aggregation of 8 to 12 mesenchyme cells (hat rearrange around a cavitv 
and become enclosed by a thin membrane. At the time of break- 
through of the oral suifacc, the Antedon larva is slightly more than 1 mm 
m length. It is capal>le of considerable movement and feeds and grows 
while internal changes continue. 

The enteric sac, wliich noiv is provided with a mouth and esophagus 
elongates into a curved stomach from which a slender outgrowth con- 
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Fio. M.^Embrydldsy (continued), (onnel 
of a ekeletal plate. B. >'Oung cy»tide 
stage, showing vUcera. {.A-C. ofttr 
Thtmon. I$C5). showing oral valve*. 

4. enteric sac; 5. inrraba»al plates: 0. eoltimnaU 7 
plate of attachmenl diek: 10. cavity of veetibiile: i\, podj, 
esophagus; 15, h>'droco€l ring; 16. intestinal outgrowth- 17 


X. stages in the forenation 
. plates. C. late cyetidean 

1^3.) D. end of cyetidean stage «x/ter 
U deltoid plates: 2. basal plates: 3. oral coelom; 

a boral coelom : 8 . larval stal k : &, skeletal 
: 12, saccules: 13, mouth: U 
site of future anus; Id. hori* 
€oi»taining deltoids; 21. radisi plates: 22. 
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tinues the curve (Fig. 33C) and becomes the intestine. This grows 
in a curve to the left in the horizontal plane but remains blind for along 
time, finally, however, piercing the surface as the anus in the same 
inter radius that contains the hydroporc. Tijo anus is formed without 
any proctodaeal Invagination. The hydroeoel has ron mined in a horse- 
shoe shape for a long lime during which a tubular projection has ari.sen 
from one end. as already noted. This finally unites with the axocoel 
so that a water tul>e. corresponding to the stone eanal of other echi no- 
dor ms, now connects the hydrcM'ocd with the surface by way of the h3'dro- 
pore skua toil in the anal in terra dims. The two ends of the hvdrocoel 
finally fuse to form the definiiivo water ring urouricJ the e.««jphagus. The 
podia alter at their hase.s so that each separately into the water 

ring. The left somattX'fHd, now oral in position, works it.s way between 
the xt.omuch and the hydronH hut n^rnaln.s of m*sconeir form with its 
blind eiuU meeting to U*rn\ the more oral orsuf>erior vertical jnesi'tkery. 
The similar hut larger right or aborai somalcn-cKd forms with its two 
blind ends the aliorul or inferior vertical mesentery (Fig. 32/.^; and loses 
its connection with the five cfminl»ers of the ehamhertsl organ that 
previously arose from it. The axial gland U said to arise in the aborai 
vertical mesentery, 


KuovvIodK.' of ihc <lPvclopmpi.t of tho gonad i» in an m.anlisfartory 
»luto. Aocmling lo Unsso (1!H)2, nod Mort<'n«-i. (I‘I20I.), a primary 
Koimd appears us a compact cord of cells in the innin horizontal mcseiiU-ry 
(thus of peritoneal crigiii) in the same inlcrradins that contains the aims 
and the primary hydroporc. This fart is .'onsidcied of great phylogenetic 
importance us indicating that the crinonU originally had a single gonad 
contained inside the calyx in a dcliiiito iiitcrrudins. However his 
primary gonad vanishes, and no statement aliout the origin of the defiiii 
live gonad has boon found except that of DawydolT (1<)48), who says 
lliat It appears us an elongateil strand of compact cells located in the 
a .oral vorti,.ul mcs,.nt..r.v. Tliis strand is closely applied to the axial 
gland whence the usual statement that the definitive gonad originates 

nUi of the chumlxTed organ. From it germ cells later migrate into 
the urmx and it then disappears. ^ 

The oral or ectoneural nervous system originates as a thickening of 
the ectoderm along tlio course of the hydroeoel and podia and is well 
de,. eloped in the later larva whore in fact it forms the o.i nLTus 
system. No satisfactory information was found in the literature as to 
he origin of t«-- other nervous systems of the adult cri.ioid, Seoliger 

S avail M . i" ‘he most advanced 

oiHogcnj' ’ ‘hey arise rather late in 
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fcmbryoloo p«ntacriiMid Urva of Anifd^n (a 

1805). 1. a^niory papilla« of pod^a: 2. five primary podia; 3. aacondary podi 

Bfoopa of three oach; 4. tertiary podia: 5. oral lob«; fi. deltoid plates; T. ro 
brtsal Plate* ; 9, colgmnaU; 10. plate iruide attachnient disk: 11. attaehment 
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.Yfter about b woeks of attached life the Antcdon larva, now about 
3.3 mm. in length, begins to put out arms and is now called a pf'ntacrinoid 
larva, from a presumed resemblance to the extinc t crinoid genus Penlacri’ 
nites. Some authors, however, apply the* term twntacHnoid from the time 
the larva takes on a distinet pc'lmatozoan uppearancT, iH'fore the opcnhng 
of the oral .surhn e. Prior Ui the outgrowth of the arms five ra«lial plates 
appear in the radii betwci'ii the Ikisc»s oi* the deltojcU {Tig. 33/>r The 
late u{)|H>urun('e of the radinisand their intimate Mation 1 o the formation 
of tlie arm> inclic'ate that they uiv not true tfic*c*nl or ealyeiual plates hut 
the first platc's of (he brueliial scoies. Tie* an ns grow out as projections 
from the pcwipliery at tin* oral surface of l!ie tMuitarrinoid larva in the 
radial pixsiiinns (Tig. und as they gnm. additional hraehial plates 
ajipear ia I hem in liiicnir .sucas*ssitni. The primary podia disupjreur, 
excc^pi Uie urigimil five which form lli<* mitral p.Klia of the live puiliul 
groups, rhese hca iune iric‘or|n»raied into the »aiigrowiiig arms, lengtheu- 
iiig with them and beioiiiiiig the radial canals of (lie watia-vascular 
system. 'Die terinim;! purl •>f the original |)<H]ium remains fm- .some time 
at the tip of ilie ratliiil canal, thus eorri*s]niiuljiig lo ihe lerniiiml leuiacle 
of the umhulacra of other <s*hinodi*rms. Iml eventually disaiipeai's. The 
clelinllive jnslia grow mil as evagiiiatimis from the radial water canal. 
hxteiisioMs ol (he oral and aboral cesdoms grow mil into the arms, the 
loriner as the* subteriiariilar ccMdomic eaiials. the latter us the uhora) 
canal ot (lie arms. Kvcmtually (he mesemteries In the interior of (he 
calyx atrophy, the two eo<‘hniis fuse and also ntiile with the axoeoel 
so that the stone canal corners to c»|><m diivetly into the coelom. lOveutu- 
ally Uu* original coclomic euvitms hwc' their individuality, lK*ing hroken 
up into numerous .spacH's through the growth of the connect ivo tissue 
To the nrigiiml stone eaiial an* addesi four others, one in each iriterradius 
Th<*sc* are compounded of an Ingrowing c-anal frotn the surface and an 
nutgrowing ranal from the hydrcHMsd ring. The two outgrowths meet 
and form complete cniials for a time. Ic.adiiig from the U*gmeii to the 
ring canal, hut evc*nliially the eonneclion is lirolcen. Utcr many more 
such c anal growths form hut do not nuiU to l>oeome complete water 
canals; m this manner the adult condition arises with numerous water 
poms or canals through the ic*gmeu into emdornic spares and numerous 
slom* canals hanging from the ring eanul into the coelom. The original 
hyc roi)orc* mid anu.s have moved up onto (he oral surfac-e of the larva 
and at a late stage Ihe anus comes (o lie mounted on the anal cone; 
supported hy a skeletal plate. 

lM.llowi,.K ,he ..utBroxvtf. of ihc .he oral lobes disappear and the 
1 o .1 atrophy ... n..«t - rinoids, Ix-ing .^placed by s.nall platea 

.sp . 1.1, s strow., througi.„ut ll.e teg.ne... The ba.-«<I plates in Aniedon 
lu«. form the iwtte that t«.eomo« concealed in the i.,terior of the 
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I'lo. ^6.— l^mbryolOK- UoncJud«i). tow Mfn in th« development o.* the arm* in 
Isomftra »iffipo'‘o io/tfr .Verfneen. 1020). A. radial plates appearing, ama l-e«innine 
to grow out. C. arms etartmg to fork. D. arms w«) established. 1. oral valve.'*; 2 
podia: 3. deltoid plates; 4. radial plates: 5. basal t^ates; 6. eolumnals: 7. first b.achW: 8. sec- 
ood primi orach, mith fork; f. anal plate: 10. definitive arma 
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calyx. After several months of existence as a pontacrinoid larva, the 
young eumatulid breaks from the stalk at the junction of the centrodorsal 
with the top colunmal an<l thereafter leads a free existence. Cirri have 
already been formc'd prior to detachment from the stalk. 

The pentaoritioid larvae of a tuiml>er of ililTerent eoaiatulids an* 
described and figured by A. IL Clark in the s<*<'oiid part 1 1 02 1 a) of his 
monograi)h of the existing erinoids. 

The foregoing account Is Iniseii on AnUtion. the only erinoid genus 
of Nvhi<*h the development is fully known. In 1920h .M<ii tcns4*ii furnished 
interesting but fragmentary nccouiiU of the development of other 
comatulld species lielonging to six diffcitmt genera. Although the 
develupinent of these spei'ir^ may difTer in small <letuiU from that of 
AtUedon. its general course is similar. ospiM'lally In the later stages. The 
doUolaria of Tropiomdra caHnota has hut four ciliated baiuls, a ml (he 
anterior hand is scarcely evident in that c»f i 'omptiometrn Si-rrfttn. The 
gmUost variution from AnUihn is nut n rally found in th<* (embryology 
of the N'iv'iparotw H|H*cies, /sywrfra emporu an<i Xotocrinua v intis, where 
early processes are uIUtchI by the yolkitioss of the egg. The egg of 
Uomdra diM‘s not cleave, hut through nuclear rnultiplh^atioii nuclei 
become spivad throughout the yolky Interior. Cell walls then appear 
and ectcjderm and archenteron wparate l>y dcluJiii nation without any 
gastrulation process or formation of a blastopore. The Isomfim dolio- 
luria is provided with the usual ciliated bands, although its swimming 
period is probably of very short duration, whett^as the Notocrinns dolio- 
laria completely lucks the Ininds. 

14, Order Inadunata. The classification of the wealth of fossil 
crinoids has proved difficult, hut at the present time it is u.sual to recognize 
four ordem {raised to the rank of sulK'lasses by Mooi'e and Laudon, 1943). 
In the order Inadunata the monocyclic or d Icy die calyx is composed of 
1 irmly fitted plates with conspicuous basals (Fig. 30 A /;). The arms 
are typically free beyond the radials and may l>e three, five, or mor(» in 
number, branched or nnbranched, and with or without pinnules. Among 
the monocyclic iuadmiutes an asymmetry is often evidenced at the base 
of ray C by the division, fusion, or displacement of (he radial, prirnibrachs 
and plates associated with the anal tube. The mouth is usually sub- 
tegrnmal, that is, covered with small plates, and the ambulacral grooves 
are generally provided with covering plates. The tegmen frequently is 
supported by five deltoid plates, a primitive condition, but may contain 
small plates instead. The anal tul« is often of enormous length provided 
with numerous supporting plates (Fig. 36C). The Inadunata flourished 
from the Ordovician to the Permian, and from the Palaeozoic era 
Moore and Laudon (1943) list 53 families and over 300 genera 

15. Order FleribUia.-This is a toUlly extinct group that ranged 
irom the Ordovician to the Permian (monograph by Springer, 1920) 




»ftadun»te Ouava^nnut with •normous ana tube. (A-C ofltr Snrin^r lOTi/ i 
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The Flexibilia are dicyclic crinoids in which the lower bracliiais (usually 
three) are flexibly incorporated into the calyx. The stalk consists of 
short disciform columnals of circular contour and is usually devoid of 
cirri, although sometimes providetl svith radicular cirri. There arc thrci« 
infrabasals. one small and two largo, with the small one invariably 
situated in ray C‘. The infrabasals arc typically cxp<ks<ui on the surfa<*t 
but in the later evolution of the group diminish in size an<l may be 
concealed by the top of the stem. The I»asal« a ml rad i a Is, five each, 
are unusually thick and massive but are novortlielos lousely articulated. 
The arms are always branched but devoid of pinnules and fyj)jraliv 
curved inward; ami the naked. curv<*<l. unisennl arms forming a globular 
crown lend a eharactoristie np[H‘nraiu*e to the Fle.viliilia, as in Fig. 

The tegmen, also Hoxihle, is covered with numerous small plates. The 
open mouth is surrounded by larger plati-s, possibly <leltoids, one of 
which, in the anal interradiu.s. larger than the olhem, is jMTforated witli 
water pores and appinirs to have Uf'ome n madn*porile. The open 
ambulacra are lined with little plates. The nu»sily short anal tube is 
supported by many very small plates plus a row of larger plates along iu 
outer surface. Springer in recorder! I7fl known spi*cie.<, arranged 
in 4 families and 31 genera. In their 1043 uriielo Moore and baudon 
ackruiwledge 10 familje.-? and 47 geneva hut nnfc»rlu(iately do not state 
the number of species de.s<TilMsl to that date. 


16, Order Camcrata. This is another whediv extinct gronp, limited 
to the Palaeozoic era. ranging from the Ordovician to the Penniuri 
The order a« midersloml at pix-mmi includes the Adunuta of Hat her 
(1809, 1900). The eamcrale or box erinoids are characterized by the 
rigid calyx of thick sutured platc.s into which is incorpojated a variable 
number of the lower braehinis as well a.s a immlwr of small interrudial 
and interbruchial plates. In con»«*f|uonce the typical eamorute calyx 
appears composed of many small polygonal plates: it mav be monocyclic 
or dtcychc. The arms arc branched and piiinulated. ' The tegmoji is 
armored with many small plates, into which arc incorporated the plates 
that roof over the mouth and ambulaeral grooves. .Ui anal tulx* is 
usuully present The am. brachials may have a nniserial w biserial 
arrangement Moore an.l Uudon (l<J43} take as the most primitive 
eanieratos the ,non«'yehc genr.s .Yenocr.«„, a.rd the dicycli.- geiu.s 
IMcocrmns. In both genera (he five radials are separated from each 
other by imm..rous very small i.,terradial plates that are co.itinuoos in 
the direction with similar imnierons small interbracliial plates 

1, arm hDs«»; 2. >.897.; 

a. covering j.Iutos of moutU anti ercovea- 7 o, deJtoid plates: 
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These interradial areas of many small plates const itnte depressed regions 
lying between the arm l>ases that stand out like ridges ainl ure also 
incorporated into the calyx trig. A ridge of larger pieces also 

occurs in the anal InteiTjnlius. From this comliiion then*** is an evolu- 
rionarv trend toward inmnist^ in sixe ainl di'i reusc' in number in tlu' 


])lates of the iiiterrudial areas and Mattening (»u( of the ana ridges whicfi 
still remain slightly indicuteil in such giuiera as .\rchinorn'itu/< (Fig. .W/j. 
The eventual disappearance of the arm ralges results in the typical 
camerate the<*a <*oinpos»Hl of a nnndsT of jiolygonal plates in which the 
basal bvuchials are not rea<lily disiinguidiahle; liencc the arm brunches 
seem to sjiring directly from the calyx cup iFig. JIT. 1 1 . Theit* fr>ll<)ws u 
process of <)i.<plu<'enu*nt of the plate.< the inierradial reginiis in the oral 
liireclion, ami heme the radial.s again make contact to form u cizvle, 
and the arm bas(*s. U^ing no longer iiici»rp(»r:itcd inio the teginen. .spring 
fw*. as in /*loi!/rn'nilex (Fig. 37 /f. fb. \W this roundabout process the 
cumerat(»s ullain the calyx condition typical of the joa<iunates hut dilTer 
in tiie Hirmturc of (he teginen. The ('umerata wviv treated hy Wachx* 
muth uml S])ringer in a classical monograt)ii (lMP7i. hut iheir familial 
arrangement has Ihmmi ccnisicicnihly altonsl by Xfoc^rc* and buudoii 
(MM3;, who list 2!) fanuli(*> anti 120 genera. 

17, Order Articulate. The memlMU's of this <mier are relatively 
recent compared to other crluoid crnlers. having begun in flic Triassic 
and contliUKui inter the pji*M*nt lime. .Ml existing crinnids atv lutw 
l>lAccd in the .Vrticulatu, whieh uf course also includes many extinct 
sp<*cie^ The Articulata have a |)cnlumer<Mis calyx without asymmetries 
cuUHCtl by tlie inclusion of pieces rrrigihally iK*risomatic, The columnals 
when present are rounded, elliptical, or pentugmiul, and the lopeohimna) 
is fnsc<l to the a bora I pole of the ealyx. The calyx is fundamentally 
il icy die hut u.sually up|>ears monocyelie from the inviaihility of the 
infrnbaxals on the surface or (heir actual disappearance. The basals 


may also di.sap|>eur from surface view. The lower hrachials arc incor- 
porated into the calyx, hut the first primihrachs have a muscular articu- 
lation with the radials, hence the arm bases remain movable. The 
radials and hrachials are perforated by a canal for the passage of nerves 
from the uhoral nerve center. The arms are uiilsorial. piimulated, and 
generally hraiichM. The coriaceous legmen is usually studded with 
Kina II plates or minute ossicles; deltoids are generally wanting in the 
ndult although forming conspicuous parU of the skeleton in larval stages. 
The mouth and amhulacral giXMivos are held open and exposed, although 
the groox'es may be partially dosed by the plates in the lappets. 

The classification within the Articulata is apparently very difficult 
because of the small degree of morphological difTerence between iU 
members. A division into three groups was proposed by H. L. Clark 
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^1946) and one into six groups by Ubagfis (1953). If the Articulata ai*e 
regarded as an order, these groups become suborders. According to the 
Ubaghs classification, the existing sUlkcd crinoids with stem cirri fall 
into the suborder Isocrinida and are placed in the family Isocrinidae. 
The existing members of this family, usually referred to as pentacrinites, 
have a relatively long stalk (rf mostly pentagonal contour, encircled at 
frequent intervals by whorls of Hve cirri Iwrne on nodes (Fig. 12.4), and 
a flowor-Ukc crown of uniserial, much branched, pinnulated arms. Not 
too much is known of the basal attachment, as most specimens are 
obtained by dredging and get broken from the base in the process; but 
complete individuals have been found growing on telegraph cables, and 
these are fastened by a slight basal expansion of the stalk. It appears, 
however, that pentacrinites often break naturally at a sysygy and lead 
a moi'C or less mobile existence, attaching temporarily by the cirri; 
evidence for this consists in the frequent taking of specimens with worn 
stem ends and with the adjacent cirrus whorl curved into a grasping 
attitude. The ends of the columnals of pentacrinites show the well- 
known petaUnd areas (Fig. 22C) caused by the five bundles of elastic 
fibers that course through the length of the stalk. The calyx is usually 
monocyclic or appears so, and the ficxible tegmen containing scattered 
or closely set small round plates embraces the arm bases and bears a 
relatively short anal tube. The generic allocation of the existing pen- 
tacriiiites is In the same state of confusion that characterises crinoid 
taxonomy generally. A. H. Clark (1923) recognized nine genera, one 
of which, however, has been rejected by other specialists. Inspection 
of Clark’s key to these genera shows that they are distinguished almost 
entii'cly by the number of brachials lietween branch forks (“division 
series"). The most common existing pentaerinite genus is Mctacrinus, 
distinguished from all other living genera of the family by the occurrence 
of at least four brachials between the radials and the first branching; or, ^ 
in other words, the first axillary is at least the fourth primihrach. In 
all the other existing genera, the first axillary is the second primibiach. 

In il/e/ocrtnus, also, all the forks are separated by a considerable number 
of brachials, so that the long stretches of arm between branches give this 
genus a characteristic appearance (Fig. 16F). The species of Metacrinus 
are distributed mostly in the Japan- Malay-Auslralian region. Ceno- 
crinus asleria (Fig. 12A), one of the most frequently reproduced figures 
from the ChalUnger report on stalked crinoids, inhabits the West Indies - 
at rather moderate depths, and Neocrinu^ decor us, object of a valuable 
histological study by Reichensperger (1905), also dwells in the Florida- 
West Indies area. 

Of extinct genera belonging to the Isocrinida may be mentioned 
PerUacriniUs (the spelling Pentacrinus appears invalid). As now under- 



Kjo. 3fi- — Artif'uUtu {continued). A Vi/lfri 
nut Oi//ef A. ff, C/aric, l9iSa), C. B^arffueiicrl 
Wo/f'int (a/TfrP. ». Carpe/ittr, 1884; ror *tUch 
cr»ri«« carptnltn. F. root atta«bment of c«i 
I . brsohiBls; 2, primibracha; 3. radiaU: 4. basaJs* 
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stood, this genus became extinct in the Jurassic, and the species assigned 
to it in the Chdllcngcr report have since been transferred to other genera. 
It is characterize<i by the numerous, closely set whorls of cirri and the 
large bushy arms pinnulated along one side only (Fig. 39.-1). Many 
complete, beautifully preserved specimens of PentacrinUca have been 
found in the Lower Jurassic in England and \Vurtem}>erg, The pen- 
tacrluoid stage in crinold development Is named after Pcntacrinim but 
docs not in fa<‘t l>ear much resemblance to it. The genus hoennus is 
now also restricted to extinct forms that died out in the Miocene. Both 
PentacriniicH and !iocrinus had distinct infrabasals. 

Tlic suborder ('omatulicia or comatultds includes those articulates 
that in early life l>ix*ak from the stem and thereafter lead a free existence. 
The living comatulids are divided by A. H. Clark into two groups, the 
oligopltnnft and macrophreate forms. In the former, the cavity in the 
ccntrodorsal (Fig. 40.1) is small and shallow, the tegmen is more or less 
.studded with small plates or completely covered with them, and there 
are generally more than 10 arms, The macrophreates comprise the 
10-armcd comatulids with a large and deep cavity in the centrodorsal 


(Fig. \i}B} and with the tegmen nake<l or containing only minute cal- 
careous formations. The majority of comatulids belong to the Oli- 
gophn'ata, the consideration of which has now been completed in Parts 
3 unci 4 of A. H. dark’s monograph (1931, 1941. 1947, 1950). There 
arc around a dozen families, distinguished by small differences in the 
brachials, cirri, and pinnules. The largest oiigophreate family is the 
Comastcridae, which in Clark's monograph (ID31) comprises over 100 
species, assigned to 19 genera with such names as Comatuia, Comasler, 
Comrnia, Comanlhus. ComaMh. and Capiflaslrr, The peculiarities of 
the Comastcridae have been indicated in the foregoing pages They aje 
usually multibrachiale comatulids without saccules, with terminal combs 
on some or all of the oral pinnules, usually without cirri, and with an 
cxocychc digestive system in which the mouth is near the margin the 
anus central, and ambulacral grooves often wanting on some of the arms 
(Fig. loO, E). The family is mostly littoral and suhlittoral with a wide 
distribution. The ^ygometridae. with main genus Z>jgomctra, aie a 
small family distinguished by the fact that the two primibrachs are 
umti^ by syzygy instead of by the usual synarthrosis. The small 
family Eudiocrmidae is worthy of mention as comprising almost the only 
comatulids with ftve arms. The Himerometridae with over 50 species 
and chief genus l^eUromctra ha^•e 10 or moie arms, very short brachials, 
and naked disk The RIanametridae with about 30 species are multi- 
brachiate comatulids with two secundibrachs. The Colobometridae 
comprise 1. genera and about 50 species; they are distinguished by the 
armature of the cirri in the form of one or two serrate transverse ridges 
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or paired or tricuspid spines (Fig. 22//) on the aboral (concavej surface. 
In the three promling families the pinnules, at least the distu) unes. are 
slender and cylindrical, lomposed of elongated pinnulai’s. unci tfie side 
and c'overing plates of the arnhuluerul grooves of the pinnules are poorly 
developed or wanting. In the next oligoplireate families tlic pinnule^ 
are stout and prismatic' (triangular in cross sect ion i, mostly with short 
piiniulars. .Vniong these families, the Tropiomolridac*. with the single 
getuw Tropiomciro, an* distinguished hy I he ahsen<*e of side and covc*ring 
plates for the am hula era I grooves of the pinnules; TropiontHra is a 
10*armcd form with stout cirri. In the n*maiiiing oligophrc^ute families 
the pinnules are providcnl with nell-cleveh^pcHl -side ami co\('nng plates. 
In this category the main families a le the Tlialusscunc'triciue and ('huritO' 
m<‘tridne, discussed hy ('lark '\n 1951). The Thalassoinc'trldae arc listed 
us having 14 gemera and ahuul i>0 speck*s; they arc* clmrac leri/ed hy the 
long slender cirri of rnoiv than 2o cirruls with pnaninent spiiuition on the 
conc'uve surface', also hy the longer first than scH*oml pinnule joint. In 
some genera of this family the arms aiv Inlcually compressc'd and on la- 
in cm teal with a kcu'l. The main genus, Thalitinioiiivtra . liowever, has 
rounded arms, mostly 10 in iiuiuf>cr, thickly U'sc*t hasally witli sniali 
spines or tuhorclcs. In the ('harltomrtridae. with 8 geiitma and over 30 
species, the cirri air short, stout, unci strongly curved, without con- 
spicuous spj nation, and the pinnule joints air all of about the same Icmgth. 

The nmc rophirate comat ulids ccunpriw five families, of which the 
large and widely distributed AntcMlonidae is the moat impurlunt. Of the 
other four families, two are very small: the Xotes-rinidue for the viviparous 
Xo/ocrinua (page 75), with two spi>c*ies, and the .\pcMTinjdae for Apo- 
crinu'i. with three spec ies. Uolh genera were formerly placed under the 
Antcdoiiidac. The two other families, AtelecTinidae and Ihmtametro- 
criniduc, air also small hut show some points of inleirst- The former are 
dec|>-watcr forms in which the Iwisals reach the external surface of the 
calyx, especially in the genera yUetccrinua (Fig. 23.4. B) and Atopocrinu^; 
the latter is among the few comalulids with only five arms. Five-armed 
species also occur in the Pentamctrocrinidae, namely in Pcntamelrocrinus 
and Tkaumalocrinua. 

The fiimily Aiilcdonidae is the largest family of existing' oriiioids 
comprising 4(i genera and over 130 species. It consists mostly of 10^ 
urriied sj.eca-s, c haracterised by very slender and delicate outer pinnules 
weclK<..«hapcd hrachials, and regularly spaced sysygies The Ante-’ 
.lamdue occur everywhere, on all shores, from the tidal xone to a depth 
of (.000 III., and are the most common comalulids outside of tropical 
areas. The Wt-known genus. Antedon, now reduced to seven species. 
IS r<!prcscnted in the littoral zone of western Europe and the Mediter- 
ranean by the speeios bifida (Fig. i3A), medilarranaa. and adrialica; 
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these throe species have been much utiliz<Hi in (mihryoloKica) studies » for 
which they are especially suitable as the pnibr\'<is (level c)p wliile attacheci 
to the pinnules. ?>ome other genera are Lepfome(ra, common in the 
(deeper waters of the Mediterranean. llvUofnetra. characteristic of the 
arctic and other northern waters, and Floromrtra, along the sliorcs of the 
eastern Pacitic, northward to the Aleutian Islands and Japan. These 
and other antedonid genera are dlstinKuished by small details of the 
pinnules and cirri. 

rbaghs’s third suborder, called Millericrinida, includes existing 
stalked crinoids with no or rudiiiicjitary cirri or with radicular cirri, 
limited to the uttueliNl end of Ihesleni. In thc^ families Apiocrinidae and 
Phrynocrinidae the stem is attached by a heavy f)asal expansion (Fig. 
37 E). T he A p ioe ri n idae i i ic lud e mu i io wel I- k i i<nv n ex t i n c t cri r i oid gei le ra 
such us Apiocritiust, in which the top columnals arc expanded to ec^ual 
the calyx (Fig. 37/>), and Milhrirrinux (Fig. 3K,1), with scarcely enlarged 
top columnals; some .species of M itUricriiiuM \trcnk from their attachment 
iit later life, and the crown flouts about aftc*r having absorbed the stalk. 
Here are included also two living sjjecics. /VatWnnua ruOrrniuua. of u 
striking scarlet color, dmlgecl by the Affniirosa in the Philippines at 
al>out 1700 m, (.\. H. C lark. IlMDd), and ('arpi-utrrorriuua inoUia, known 
only from the imporfe<'t crown taken by the Chnllcngrr oft Japan at 
about KXIO m. (Carpenter. 1884; A. H. Clark, HK)8(1). The family 
Phrynocrinidae contains the existing speeie.s rhri/nornnua nu(iu« (Fig. 
38/}), dredged off southern Japan at about 1200 m. (.\. ]], Clark, 
H)07a), and Xaumachorrinut kauHtiifnaia, taken in the Hawaiian Islands 
nl aV)out 1000 m.. the first stalked crinoid to Ix^ found in that locality 
(A. H. Clark, 1912b). In the Bourgucticrinidae and Bathycrinidac the 
stem 18 attached by basal roots. The former family is distinguished by 
the expansion of the top eolumnal (then called proximal) to participate 
in the calyx; this top eolumnal is jointed to the jxxt eolumnal by a 
synarthrosis, and hence no new columnals can be formed between the 
stem and the calyx. The family as thus limited includes the extinct 
Hourguciicrinua (I'ig. 38C) and Mesoerinus from the Cretaceous In 
the Bathycrinidac (reviewed by Gisl^tj. 1938a), the top eolumnal does 
not participate in the calyx, and hence new columnals a^ continuously 
formed beneath the calyx. This family includes a numlxr of existing 
sta ked cnnoids m the genera RhUocrinua. Bafhycnnua. Monachocrinua, 
and iJemocrinua. Rhizocrinua is IxJst represented by R. lofotensia, which 
was discoN'ored off the coast of Norway in 18C4 and fully described and 
discu^ed by bars in 18(58. A number were also taken by the CkalUnger, 
and the best illustrations of the species appear in the CkalUnger report 
on stalked crinoids (Carpenter, 1884). The species has been found in a 
numlxr of localities in the North Atlantic, and a specimen was dredged 
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by Verrill ill 1883 off the ACassaehiisetts coast at about 1 100 m. fA. H. 
('lark, 1908b). Although Clark made a separate species of the Verrill 
specinicti, it appeals to be only a geographic variant of the original 
N'onvogiaii form. Sars recognized the archaic nature of R. h/oten^s, 
and the finding of a living representative of a supposedly long extinct 
family arouse<l gn*at zoological interest at the time. Rhizocrittus 
h/oleiiMs (Fig. 38/^) is a small creature, only 80 mm. long, with abundant 
root attachments, a naked stem of somewhat elongated columnals, a 
funneblike <*nlyx of more or )es.s fused radials and basals, and five pin- 
nuiated arms. As to the other existing bath 3 'crinids, Gisldn (1938a) 
ascribed nine species to Rafhi/crinus, seven to Monachocrinus, and ten to 
Dcinocrint<$; but as these spwies have l>een shifted about by crinoid 
specialists from one genus to another, the generic distinctions cannot be 
very definite. Good figures and descriptions of bathycrinids appear in 
the Challtnytr report (Carpenter, 1884), in the report on stalked crinoida 
collected by the SiOoy<t in Indonesia (Ddderlein, 11K)7), and on those taken 
by the ra/diVm on the German Deep Sea TOxpeditioii (Doderlein, 1911); 
and an excellent study of Rathycrinus carp^nleri (Fig, 38^*, F), taken on 
the Norwegian North Atlantic Expedition lietween Norway, Spitsbergen, 
and Iceland, was made by Daniclsson (1802). A species of Ratki/crinus 
was dre<lge<l by Verrill in 1884 off C'hesapeake Hay at 3700 rn. (A- H- 
Clark, UK)8b). The existing Millericrinida arc for the most part inhabit- 
ants of ocean abysses and hence arc known only from dredging explo- 
rations, They have lieeii taken in widely separated lcH*alities, although 
moat of the specimens come from the North Atlantic- 

Two interesting foaails, IwUevod to have become adapted for floating, 
comprise the fourth articulate suborder, Umtierlnida. Holh have 
globular calyces without cirri, in which the true calj'x plates are con- 
tinuous with the lower brachiaU and inlerbrachials, so that the whole 
forms a rounded but flexible lest of polygonal pieces from which the 
arms spring, i’inlicrinue, so called from its discoi'cry in the Uinta 
Mountains of Utah, had 10 simple pin nuiated arms that reached a 
length of a meter, with a total arm spread of 2M m. (Fig. 39B). The 
single species, U. socializ (monographed by Springer, 1901), appears to 
have lived in floating swarms, in which the long arms were Inextricably 
intermingled. Cmfimnws is further interesting in having the same 
marginal displacement of the mouth and ambulacral grooves as in the 
Comasteridae. Marzupitti, of which the best specimens come from the 
English chalk, differs in the few and large plates of the test (Fig, 39C), 
short arms, and symmetrical ambulacral system. 

The fifth suborder may be passed as including only fossils, and we 
turn to the sixth suborder, Cyrtocrinida, which contains the remaining 
existing stalked articulates as well as the curious genus Holopus, first 
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described m IS37 by D’Orbigny and since dredged in several localities 
in the Caribbean at moderate depths, fl^opus was aderiuately des- 
cribed by A. Agassiz in 1878a aitd in the ChnlfviKjrr report on stalked 
crinoids (Carpenter, 1884*. It is a short stout creature (l*ig. 40C') up 



t*!©. 40.— Artivulslu (<uiiclud«<J). A. »rhr*ne of Ihe ollK<>phroat« falyx. 5. soWno 
of (he iharrophr«Ql« caly*. (A. B. timpOfirti aJUr Clark. I015«.) C. Hotepti4. si4c %'jew 
«f entire animal. D. dok of ftniopyw. (C, D. aftrr P. H. CarperUrr. JSS4.) 1, radlnla; 
2. ccntrodorsal; 3. cavity of ccnlrodoraa]; 4. boundary betvecn radiala and centrodoraah 5. 
roMllc: r>, Hrral uervea; 7, arm*: 9. atalk: 9. oUjeci lo which attached; 10. deltoid plates: 
i I. Hinall plutcK of IcKHten: 12, arm baaea: 13. rut aurfuce of arm basea. 


to 80 mm. in height, with basals and radiaU fused into a short thick 
tubular calyx attached basal ly by an irregular expansion. There are 
10 stout pinnulated arms that arc strongly curved inward in the available 
preserved specimens. Cirri and saccules are wanting. The tegmen is 
provided with five deltoid plates surrounded by some small plates 
(Fig, 40/)). Persistence of the deltoid plates also characterises the 
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family llyocrinldae, which appears to ht into this sixth suborder, accord- 
ing to the analysis of Gislen (1038b), although formerly' the Hyocrinidae 
were considered to l)olong to the Inadunata and hence to constitute 
living representati\'es of an otherwise wholly extinct group. The first 
hyocrinid, Hyocrinxis bethellianus (Fig. 14^4), described by Thomson 
(1870) and Carpenter (1884), was collected by the ChaHenger in 1873 in 
the antarctic near the Crozet Islands, at a depth of 2900 m. It is a 
small, slender, rigid creature without cirri, with an elongated monocyclic 
calyx of three thin basal and five thin radial plates, with live narrow 
unbraiiched arms springing free from the radials and provided with long 
pinnules, and with teg men armored with five deltoid plates (Fig. 14^) 
around the mouth and a number of small interambulacra) plates more 
peripherally. Another specimen of this species was taken on the German 
Deep Sea Expedition by the Valdivia in the same general region of the 
antarctic but much farther south, off Enderhy Land, and at a much 
greater depth, 4036 m. (I)<)derleln, 1911). The next finding of a hyocri- 
nid was that of Calamocrinus diomc<iac (Fig. 140) by the United States 
Fishery steamer Albatrou in 1800 and 1891 off (he Galapagos Islands 
at about 700 and 1400 m. The specimens were described by A. Agassiz 
(1890, 1892). In this case the attachment in the form of a disk-Ukc 
expansion was recovered (Fig, 14/)). Again the stem lacks cirri and the 
rigid calyx consists of basal and radial cycles, five plates in each, but the 
arms are somewhat branched, and the tegminal armor is composed of 
many small plates without definite deltoids. A tall anal cone supported 
by many small plates is present. Gephyrocrinus grimaldii (described by 
Koehler and Bather, 1902) was dredged in 1901 by the Princ €$9 Alice, 
belonging to the marine station at Monaco, off the Azores at a depth of 
1786 m- This species closely resembles Hyocrinue, except that the hasals 
are fused into a cylinder. Two more hyocrinids, both dredged by the 
Albatross, were described by A- H. Clark (1907b. 1011), Plilocrinus 
fiinnatus (Fig. 10.4) from the Queen Charlotte Islands at 2860 m., and 
TAofassecrinus pontifer from the Moluccas at 2270 m. Both have a 
long stalk devoid of cirri, a flaring monocyclic calyx with conspicuous 
basal and radial cycles, and five unbranched sletider pitmuUfed arnjs 
articulated to the middle of the upper edge of the radials. In Ptilocnnus 
the dome-like tegmen lacks deltoids, but in ThalassocHnu^ (figured later 
by A. H. Clark, 1915a), the tegmen is armed with five deltoids encircled 
by small plates. Two other Plilocrinus species {an/arcticus, brucei) have 
been found in the antarctic (Bather, 1908; John, 1937). 

18. Ecology; Habits and Behavior. ^-.4 (and other littoral 
comatuhds so far as observed) normally remain attached by the cirri 
to a stone or some other object with the arms spread out more or less 
homon tally and their tips somewhat flexed (Marshall. 1884; Mooie, 
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1924; Fig. 41 A). In British waters Antcdon bijida is often found flinging 
to the wicker baskets let down for the capture of craljs and lobsters 
(Chadwick, 1907), and the same species is reported to occur in numbers at 
Roscoff, on the channel coast of France, atta^dunl to the roots and stems 
of seaweeds. Similar habits obtain for tropical comat ii lids. At Torres 
Strait (between Australia and New Guinea* a large eoniatulid population 
occurs in shallow water attached to the lower surface of rock fragments 
or among branches of eoral til. 1.. (’lark. UMo). and at 'I’obago in the 
West Indies Tropiometra carinota U found silting upright on coral 
fragments on the bottom in shnllosv water, mostly in the open Imt some* 
times partly shaded by seawwU, or less often hanging ujjside d<m n from 
the under surface of larger rwk or eoral inas.s<*s (II. L. ('lark, 1017). 
The attached position l>ears no tofenmcT to gravity. If satisfactory 
conditions <*ontiuiie the animal may nnnain att:i<'hed to tlte same object 
for many weeks withcml change of uMiiudc or hnalion. The eirri liave 
but feehie powei's of niovemeiit and are um'A prijnarily for etinging, which 
they accomplish with great tenacity. 

When iletacheil from their hold, all coinatulids except the (’omas- 
teridae swim gracefully by raising and lowering s<iine of the arms, 
allcrnalcly with the nnnaining arms. The arms aie raised with the 
pinnules folded against the arm axis, then la.<fuMl downwaixl with the 
pinnules fully extended. Teioarnuxl spt'cies usually swim by alter- 
nately flexing and extending the two arms of a pair, that is, while arms 

1, 3, ft, 7, and 9 aiT being ruise<l. arms 2. 4, «, 8. and 10 are being struck 
downward. Muhibruchiate si)ecies seem to o|>er:ilo in the same fashion, 
by Buecessive use of the arnia of eaeh set: thus in a 40-artncd speciea, 
arms 1, 0, 17, 2.), and 33 would strike simulluiieously, followed by arms 

2, 10. 18, 21), and 34, next by anna 3, 11, 19, 27, and 35, and so on until 
all the arms had come into action, whereupon the ae<juenec begins again 
(li. L. Clark, 1915). The stroke is strong and rapid at first, occurring 
about 1(X) times p<T minute, and pro|M'lljng the animal a distance about 
equal to the length of its own arms, at a speed of about 5 m, per minute, 
but the comatulid sikui tires, and II. I., ('lark (191,5) saw no individual 
that swam contiimouBly for a distance of more than 3 m. However, 
intermittent swimming continues until a suitable place tor attachment 
IS found and appears to !« the normal method of locomotion of comatulida 
except com ast ends. 

Tlie C'oinastoiklae have rawly been observed to swim and in general 
aw of a sluggish disp(«ition. Their habits have l»en oliscrved by H. L, 
Clark (1915, 1917) at Torres Strait and at Tobago. When detached the 
(•omastends creep ,n a slow and laborious fashion by extending some arms 
and cat.h.ng hold of a suitable object by the pinnule tips aided by 
a<llu.s,vo seeretion, then pulling themselves up bv contracting these arms 


102 


PHYLUH/ BCMIXODBRMATA 


while at the same time pushing with the opposite arms. This creeping 
may be continued for hours, at a rate of about 40 m. per hour, if a suitable 
attachment site is not available. In the case of comasterids with arms 
of unequal length (Fig. 10.1), as Comatula purpurea, common in Torres 
Strait, the long arms are regularly used in reaching out, grasping an 




5, iboral flhiffing ol 


object, and pulling the animal along, while the short arms are employed 
in pushing from behind. Such comasterids therefore show a more or 
less definite anteroposterior orientation. 

All comatulids swim or creep with the oral surface upward. If 
turned over with the oral surface against the substratum, they promptly 
right themselves. This is done by pushing with some arms against the 
substratum so as to raise one side of the disk, then reaching backward 
over the aboral surface with some arms of the raised side, securing an 
anchorage with the tips of these arms, and then pulling the disk over- 
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or after raising one side of the disk woU above the substratum, the animal 
may turn over by a combination of violent flexion of adjaceiit arms 
combined with swimming. 

The 1)081 account of response to moehanu*ai stimuli is that of Marsbnll 
(1884) for .'In^frfon medUerranfa. The alwral surface* c»f the calyx is 
insensitive to mechamcal and chemical stimuli. Mechanu'ai stimulation 
of the aboral or lateral surfaces of the amis evokc.s arm flexion and 
extension of adjacent pimmlcs. Stronger or more prolouRcd stimulation 
of these areas induces more pronounced movements of the arms con- 
cerned, bending of adjacent arms toward the irritated spot, and eventu- 
ally detachment and flight of the animal. Stimulation of pinniilc.s 
results successively, according to strength and duration, in movcnientx 
of the pinnules, of the whole arm. of adjacent arms, and finally of escape 
of the animal. Slight stimulation of the oral pinnules causes them to 
fold over the disk, and stronger irritation causes the arms to <0(«(* over 
the disk or the animal to detach and swim away. The epithelium of the 
ambulacra I groove.s is the mo.st sensitive part of the crinoid. The 
slightest touch on this epithelium evokes instantaneous movcineuts of 
the adjacent four or five pairs of pinnules, which fold townixl the groove 
and attempt to grasp the stimulating agent. Stronger or continued 
stimulation of the ambulacral opilheliuin brings abemt flexion of the 
arm concerned, also of adjacent arms, toward the irritated spot. Stimu- 
lation of the tegmen between the grooves evokes a mo<l crate amount 
of arm moveineiU. The reactions of detaclunl arms an* similar to 
those of arms in place; w'hen dead, detached arms remain strongly 
extended, as there arc no live muscles to oppose the action of the exten- 
sor ligaments. 

Marshall also experimented on the role of the nervous system in 
re.'^poiisc to mechanical stimuli. In com a tu I ids the whole of the visceral 
mass is easily lemovcd from the calyx; this destroys the connections of the 
cctoncura) and hyponcural nervous systems while leaving the aboral 
system intact. Such eviscerated specimens behave normally and swim 
and attach themselves in a normal manner. Arms and pinnules respond 
to contact stimulation as in the intact animal, and the righting reaction 
is carried cut normally although perhaps somewhat slowly. Direct 
stimulation of the aboral ner\'e center evokes violent arm movements, 
especially flexion. Following destruction of the al>oral nerve center, 
the animal falls to the Imttom with arms strongly extended and is 
itu^apable of movement, although indixudual arms will respond to direct 
stiimdalion. Destruction of a short stretch of the subepithelial nervous 
band of the ambulacral groove does not prevent transmission in the 
proximal direction of a stimulus applied distal to the destroyed area. 
The same result follows removal of a band of all the soft tissues of an arm. 


104 


rn YL VM ECMJ \0 DERM A TA 


Such experiments prove that transmission along the arms is mediated 
chiefly by the main brachial nerve, as could be deduced from anatomical 
considerations. It will be recalled that this nerve runs in a canal inside 
the brachials, hence is not affected by destruction of the soft external 
tissues. Attempts by Marshall to cut this nerve in an arm usually 
resulted in the animal’s throwing off the arm at the injured site. When 
successful, section of the main brachial nerve in one arm destroys all 
communication of this arm with other arms; stimulation of the proximal 
cut end of a brachial ncr\'c evokes violent mo\'ements of all the arms. 
Destruction of the aboral nerve center does not destroy communication 
between the arms as this can still be mediated by the pentagonal com- 
missure encircling the main mass. Following destruction of this penta- 
gon, which it will be recalled is located inside the radial plates of the 
calyx (Fig. 255), communication of one pair of arms with the other 
pairs is lost, but transmission is still possible l>etween the two arms of a 
pair by way of the decussating h be re at the forking of the l)ra<*hial nerve 
inside the second priinibrach. If a pair of arms is amputated proximal 
to this decussation, stimulation of one arm of the pair evokes movements 
of the other. 

Later experiments of A. R. Moore (MJ24) and Ungeloh (J937) have 
not added greatly to our knowledge of Antedon bchasdor and neui‘ 0 > 
muscular mechanism. Moore found that an isolated ray composed o( 
two arms will remain active for hours and that stimulation of one arm of 
such a preparation evokes the swimming movement in both, that is, the 
stimulated arm executes the downward stroke, while the other flexes in 
an upward curve. Contact stimulation of the cirri inhibits swimming 
and righting reactions. Thus if the animal is turned oral side down 
while the cirri are still clutching a stone, no righting movement occurs; 
but in such a situation the cirri soon release their grasp, whereupon the 
animal rights itself. Contaet stimulation of the oral surface thus releases 
the grasp of the cirri. Stimulation of the freed cirri or picking up an 
Inverted Antedon by the cirri results in marked aboral bending of the 
arms (Fig. 415). 

Langeloh comments on the great acrobatic ability of Antedon. Thus 
It can hang to rock ledges or projections by one or two arms then pull 
Itself up, and can free itself from complicated fetters even when sus- 
pended, so that It cannot assist itself by grasping something solid. It 
will also remove a piece of rubber tubing pulled over an arm. Langeloh 
observed that Antedon may sometimes be made to creep after the manner 
of a comastend by properly regulating the stimulation and will also 
run on the arin tips preliminary to swimming. If a resting animal is 
suddenly stimulated by a pinch, it may raise itself on the arms tips wliile 
releasing the cm and run on the tips before faking to swimming The 
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cirri have limited powers of response and movement. When the animal 
is fastened, a light touch on the cirri evokes i^neral commotion, but in 
detached animals^ stimulation of the slackly hanging cirri produces no 
response. Sufficient stimulation of I ho cirri causes thorn to hutMui their 
hold, preceded by a strong curvature of the arms toward the a 1 ‘oral side, 
as also seen by Moore (Fig. 4 IB). I^ngolob found that isolated pin miles 
do not react, but isolated pieces of arms show normal responses, inelinliiig 
responses of their pinnules, and even right themselves hy means of their 
pinnules. Although Lungeloh adinit.s that the coordination of arm move- 
ments is aoeomplished mainly by way of the pentagonal comniiKsure, he 
found that cutting through this pimtagon dex's not ultogethtT abolish 
communication between the arms adjacent to the eul. Such communi- 
cation could l>e accomplished by way of the a bora I nerve center, but 
according to this author theie is still some eonduetion pc»ssihle after 
destruction of this center in addition to .siwtion of the |)enlagoii. Appar- 
ently a roundabout route is available through the other nervous systems. 
Langeloh regards the a bora I nerve center as functioning, iiot so iimeh in 
coordination, as in exciting the it*mainder of the nervous system and 
augmenting incoming stimuli. C'onduetion in (he peutagmiul com- 
missure suffers a strong decrement with distance and hence re<iuires to be 
continuously strengthened. I>slrurtioii of the almral nerve eejitcr 
(with retention of the pentagon) is not quite as disastvou.s as thought by 
the earlier workers. Ability to escape from fetters is jjracticnllyahohshed, 
hut the righting reflex may be slowly executed after a long delay, and 
momentary swimming can 1)0 evoked by ix*p<'ate<l stimulation. But 
m general such an animal lies slackly on the lM)ltom and is extremely 
insensitive to stimulation. A normal animal adjusts its remaining 
arms to till spaces left by removal of arms, and this l)ehavior is also 
wanting after destruction of the al>oral center. 

As regards light response, H. L. Clark (11)15) notice<l general avoid- 
ance of direct sunlight and retreat into shaded situations in the comatulids 
of Torres Strait. If a rock Wring comatulids on its underside was 
turned over, the animals would promptly mo\-c, usually to the new under- 
surface of the same roc-k or. less often, into available crevices and shaded 
sites. Antedon Oifida on the channel coast of Fram-c also shows strong 
aversion to direct sunlight while accommodating itself well to general 
daylight (Perrier, 1873). On the other hand, Tropiomdra carinata at 
T obflgo proved indilTerent to light, neither seeking dark or shaded spots 
nor as-oidmg direct exposure to sunlight in shallow water. 

The temperature relations of ennoids also vary with locality. Gisl^n 
(1924) found that lal)oratory cultures of Antedon petosus from the 
Norwegian coast must l>e maintained at 10 to 12V., and that tempera- 
tures above 14V. are detrimenUl or fatal to the animals. Antedon 
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bifida also requires rather cool temperatures. On the other hand, littoral 
tropical comat u lids show a tolerance of or preference for warmer tempera- 
tures- The comatulids of Torres Strait were found to move from colder 
to warmer water with an optimum of 20 to 27®C. and an avoidance of 
20 to 31®C-, thus exhibiting a slight range of temperature tolerance. 
Here, also, Tropiomclra carinala, at Tobago, proved more adaptable 
with a temperature range of at least 15®C- This species could recover 
from short exposures to 33 or 34®C. hut not from 35® or above. 

Indifference to considerable changes of salinity was shown by tropical 
comatulids in H. L. Clark’s tests (1915, 1917), either in the direction of 
decieosod salinity (down to 75 per cent sea water) or of increased salt 
content (10 per cent above normal). 

The aimtomy of crinoids sufficiently indicates that they are ciliary- 
mucus feeders and therefore can capture only small organisms. The food 
of crinoids has l>ccn frequently determined through Investigation of the 
intestinal contents (review in Gisl^n, 1024). The food varies with 
locality hut in general consists of diatoms, unicellular and filamentous 
green uigac, vadiolarlans, foraminiferans, din oflagc Hates, other Protozoa, 
small crustaceans, crustacean and other larvae, and other small plank- 
tonic animals. Hadiolavians and foraminiferans were found to have 
constituted the main food of some of (be stalked crinoids dredged by the 
ChaUenger (P. H. Carpenter. 1884). Material sucked from the mouth 
of live Antedon petatus with a pipette conUined detritus, diatoms, 
copepods, ostracods, a voUger larva, naupUus larvae, crustacean append- 
ages. a perldincan, and sponge spicules (Gisl6n, 1924). After examining 
the excrement and intestinal contenU of a number of preserved crinoids, 
Oisl«5n (1924) concluded (hat their food consista of a mixture of detritus, 
plankton, and henthonic organisms. 

GIsien (1924) also observed the feeding behavior of Antedon pela$u 4 
in laboratory a(|uaria. \Yhcn hungry. Antedon sits with ouUtretched 
arms, spread pinnules, and stiffly erected podia. When plankton or 
carmine grains infused with crab liver is added, arms and pinnules 
spring into activity, and the podia bend rapidly in toward the ambulacral 
groove. The latter, ordinarily somewhat closed, opens as soon as food 
falls on It, and the mouth, also usually more or less closed to a slit, 
expands to a rounded shape. The podia, whenever food falls on them, 
whip toward the groo\e, into which they cast the food particles. As 
already noted, podia and ambulacral groove are supplied with glands 
derating a mucous or adhesive material. Food particles and organisms 
become entangled m this material, and the u hole is swept into the mouth 
by the action of the cilia lining the ambulacral groove. It is believed 
by some observers (e.g., Reichenspei^r, 1908) that the secretion of the 
glands a5..ociated with the sensory papillae of the podia is toxic to small 
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animals* but this has not been dehnitcly established. Nothing is known 
of the digosti\'e process. 

In addition to the ciliary currents in the ambulacra I grooves, which 
boat strongly toward the mouth, Giskni ^1921) ol>scvv«l ciliary currents, 
also beating toward the mouth, in the iiifcrambnlacrul an^as; these, 
however, are chocked in the mouth region by the ridges bordering the 



Fto. i2r Ciliary current* of (he dink of AfUedon (^ftrr GidCn, l. puplllat 

nround anu»; 2, anal tube: 3. •inUilacrol froove^; 4. mouehj 5, mtcrra<iial urea* o< dish* S 
porticlce being curried off di»k. 

grooves and then turn hack alongside the grooves, thus carrying particles 
to tlie edge of the disk whore they fall off. In this way the disk is 
cleansed of small particles, although apparently some food would be 
lost by this mechanism. A weak ciliation at the base of the anal cone 
beating uptvard was noticed, but it is too feeble to carry feces away. 
The latter are formed into ia^e yellow balls held together by mucus; 
these balls usually fall upon the disk, where they gradually sUde off 
through the movements of the animal. 

It has been noticed in the foregoing pages that in the family Comas- 
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tpridae the ambulacra I system is reduced, often markedly so, while at 
the same time the intestine is several times longer than in other comatu- 
lids. These facts have suggested to Gisl^n (1924J that the comasterids 
mtist have some supplementary method of feeding (although the type of 
fo(xl is about the same), and he considers that the terminal combs 
peculiar to this family may l)o employed in pinching off edible bits in the 
vicinity and passing them to the grooves or mouth. 

The rrinoids are devoid of a respiratory or excretory mechanism. 
While some respiratory exchange undoubtedly occurs through the podia, 
and the pumping of water by the anal tube (page 70) and through the 
water canals of the togmen presumably contributes to respiratory 
exchange, the small size of crinoids in relation to the lai^e surface expanse 
secured by the branching arms and innumerable pinnules obviates the 
necessity of a special respiratory system. Xothing is known of the 
excretory products of crinoids or the manner of their elimination. Cu4not 
(1048) surmises that excretory products accumulate in the coelomic 
lining, whence they are transported by amoehoeytes into the connective 
tissues that fill the body interior and occupy the interstices in the endo- 
skclelal pieces, He states that in old animals the connective tissue of 
these sites is filled with brownish granules and little er>'stals. 

19. Regeneration. — It is well known that crinoids readily cast off 
arms when these are grasped or under unfavorable conditions, as high 
temperatures or lack of oxygen, and that these are quickly regenerated. 
Partially (»r wholly eviscerated specimens arc sometimes found and such 
Ite-ses are also repaired by regeneration. The powers of regeneration of 
the Mediterranean Anttihn were tested at Naples by Przibram (1901). 
Rxtirpation of one-hfth of the animal, including a pair of arms, disk, 
'•alyx, and cirri, is followed by replacement, and the removed fifth is 
capable of regenerating arms. If the animal is halved, most halves die, 
but the survivors regenerate the five missing arms (whether also the ' 
other missing parts was not stated). The tegmen readilv regenerates 
when removed or east off (this happens when arm bases are severed) 
and also can be replaced by a tegmen transplanted from another indi- 
victual , as proved by using tegmiiia of contrasting colors Removal of 
four pairs of arms at their bases in the calyx is followed by their regener- 
ation (Fig. 43-1/), but if all ten arms are so extirpated, so that only the 
calyx cup and cirri remain, the animal dies. If all the cirri are removed 
simultaneously, none regenerate. Regeneration fails if the abora) ' 
nervous center is destroyed. 

f “ppears to be related to the syiiygies. 
M.nckert (1901) reported that 75 to 90 per ce.,t of pi^served comafulids 
mth regeneratmg arms that he examined had lost their arms at the 
syzygies. and of 30 preserved regenerating specimens of Neocrinus decorus 
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available to Hoi cbei tape rgcr (1912). 17 had limkcn off at the ayzygiea, 
10 betu’con tho first ami second primibrachs. 7 ln'tsvccn tlio radials and 
the first pnmibra<*bs. and only 2 at miiM'ular unions. P>i(loutly noiw 
muscular or poorly miisrulav unions, os|>crially syzygios, arc par ticularly 
liable to breakage, no dmibl Ikh*uii>c of their lack of tlexibilily. 

The details of arm and pinnule regeneration Imve been studied by 
Perrier (1873) and with in on* nn Klein uieiluHU by l{ei<*liensjK*rgor (n)12). 
After cutting, .some tluid exuch*> frimi I he sever'd ra<llal water and 
cooloinic canals, but tbi?> eontain.^ few if any <h‘IIs and cousetpiently no 
coagulum forms. Instead the wouricl i.s jrartially cov er<*<l by eellular 
debris from degenerating anilmlucr:ii epidermis and u.*isociate<l cou> 
uoctive tissue, but skeletal elements uml muscle bnntlle.s rt'iuain exposed. 
It egen oration I>egius promptly with the important assistance of two types 
of coelomocytes. One of these, ihe ty|H* of unnu'lHK'yte shonn in Fig, 
2">//, with short pointed |>sendop(Kls, ivveiils itM'lf as phago< yii<*, accumu- 
lating at the wouikI site, ingesting injurctl uml degenerating tisj$ues 
(Fig. l3/f), uml truns])orling the I'chk) supplies so a('(|uii'4*<i io regenerating 
struidun's. The oilier tyjK* of umiKdMwyto, filled with ro<ls and granules 
and coiTespoudiiig to one of thewa* in Fig. 'Z'>F, was priwiously noll<x*d by 
Him he I ispe rgiT us parti i* u la r I y u 1 ni nd u n I a l<j n g i n^rNO < 'urd s . T f i i^se cells, 
iininediately after the o]K*rutiun. spring into activity, take on an elongated 
simile (Fig. >l3f'), and slivum in rmmlH*rs to (he injured site, where they 
appear to assist in the iTgenerutive prcH'rs.scs while not themselves 
transforming inti» ti.s.siies. 

Kogenerution of uu arm I >i*gi ns by the out pushing of the radial walor 
eanal accompanied by mesenchyme, the whole forming a slight hud-like 
projection (Fig, -I3A'), Tho canal in this bud sckiu reveals itself as a 
generalized cocloinie canal, for it divides to form the definitive w'ater 
canal and the other eoeloinic eanuls of the ^'generating arm (Fig. 4ZI)~G). 
The surface cells of the bud clifTerentiate into epidermis. The cut end of 
the main brachial nerve soon proliferates iuU) the bud, but accoi'ding to 
Heicficiwpiagrr. many of (he ganglion cells of this proliferation arise 
by difrercutiutiou of cells of the adjamit coolomic canals, l>eing thus of 
peritoneal origin. In general, however, the structures of the regenerated 
arm arise by proUferatioii from the same structures in the arm stump 
(Fig. I3//I. As the regimeration hud continues to grow out, brachials 
arise in it by sei iH'lion from mesenchyme cells as in embryonic develop- 
ment. As tho ifgiMicrating arm continues to olgiigale, pinnules arise 
from it in the name manner as did tho arm itself. initiatcKl by the extension 
of the water canal into a bud of mesenchyme. Similarly, podia arise 
from the pinnules aa outpushings of the pinnular water canal. Each 
group of three podia logins as a single podium that after attaining a 
certain length divides longitudinally into two podia, one of which lags 
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behind the other in growth: and this shorter one then prcMlncos the third 
podium of the group by a similar longittuliiial division. A rogeneratod 
arm is easily recogniralile for some (imo by its MiiallcT dimensions and 
pale color (Fig- 43/.). 

The cirri are also easily broken off and I'egenerate readily, either from 
a stump (Fig- 43./) or from the eirnus s^K-krt, but details of the process 
are not available. The statement cd Prizibrain that the eirri will not 
regenerate if all are removed at the sijckei.-j it^iuin's verifi< alion. 

The viseeral mass is easily re in oven I from AuUthu or is sometimes 
found missing in drcnlgwl spisimens. prolwibly through injury by the 
dredge- Such specimens retain the a bond nervous sy.stoin intact. 
The bottom of the caly-x cup is N*veaUsl linotl by roiincctiv<* tissue, and a 
torn c<lge is left around the |M*rii)liery by the ruptuiv of the legmeiu The 
regeneration of the visceral in«>^ has Ixhmi followed incompletely by 
Dendy (lf^8<>). Regeneration In^giiis hy prolifeiation of the coiinectivo 
tissue in the bottom of the cu]> and of the cut U'gininal edge^s to idose 
over the snrfuee. In u few days the mouth and alimentary canal are 
indicated, apparently hy downgrowth frcmi the n ►si cued tegiaen. The 
ambulacral grooves are left as de|)r<»ss4‘d areas during tlie ingrowth of the 
legmen from the torn (alges. The sum I rone sippejirs as a small elevation 
that slowly elongules. ( oinplete restoration of the huiioved imrts is 
accomplished in about 3 weeks. 

20. Ecology: Geographic Distribution. The coma tu lids reach their 
gR*atest ahundunee as shallow-wAter inhabitants in the Indo-Pncitic 
region, extemliug from southeastern Afrieu. Ma<lagasear, and Mauritius 
eastward through southern .Asia, the Malay .Vn hipelago, and t lie Nether- 
land Hast Indies to southern Japan (A. 11. dark. U)12a). This area 
includes the majority of known spe<*ica of eomatulids. especially oli- 
gophieate forms, and a numl>er of oligophreate families art* limited to 
this region. The eomatuUd population is centered at maximum density 
in a triangular ai‘ea bounded by Luzon. Horneo. and New Guinea, and 
from this center the comatulid fauna declines in all directions. It 
reduces toward Austraiia. which ha.s alnnit 80 species, mostly limited 
to the coral reefs of the northern and eastern coasts, whereas very few 
eomatulids occur on the other c<msls of the Australian continent (H. L. 
dark, PJ46). To the east of the main ccriUT of occurrence, the comatulid 


HCftioii of rcgciipratMif »rin8. ,ho«ins diff«rmlia(>on of dcSniUvo 5lructuro# J cirrus 
rcttcucratiiiR K. lor^RitudinBl soctron llirwiah reKoneratinR gf on arm. L. ro«i>ernt- 
ma orm. M. Antt^on. regonor.lins four arm pairs 

l.^biU of msostod mtude: 2, coelomk canal: 3, wafer canal; 4. 


I Altai, A, AAltrr CailBI, *1, 

difforennatm* epiderm.s; 5, tetenerating main brachial nerve; C, aboral coclomlc cereal; 
?. eublentacular canels; $, different ectowmral neeve band; 9. cut epidermis of amhu- 
S rLu™ . bud; n. advancing end oI wafer ^-easel; 12 . coelomic canal; 

piece (decalcified); regenerated 

oinnulcs: Id. cm; I.. retcnerating arms; 18. old arms: 19. genUal pinnules 
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fauna rapidly attenuate among the numerous Pacific Islands; none are 
found on the New Zealand coast. There is less reduction in the comatu- 
lid fauna to the north, as they exist in good numbers in the Ked Sea, 
southern Asia, and the southern part of Japan. The abundance of 
crinoids around southern Japan was also noted by Gisl^n (1927), who 
listed a total of 91 species, including some stalked forms. All families of 
crinoids aie represented in the I ndo- Pacific area except the Holopidae. 
In general, Tropiomtira is the most common littoral tropical oomatulid. 

In striking contrast to the richness of littoral comatulids in the Indo- 
Pacific region is their paucity in the Atlantic and eastern Pacific. There 
are some littoral comatulids, mostly macroplireates of the family Ante- 
donidae, in the eastern part of the North Atlantic, from Scandinavia and 
Iceland to the British Isles, into the Mediterranean, and along the west 
coast of Africa to the eciuator; but they are very scaife in the rest of the 
Atlantic except the arctic, antarctic, and Caribbean-West Indian region, 
and none at all are known from the eastern Pacific, that is, the western 
shores of the Americas, except near the poles. No reasons are evident 
for the want of littoral comatulids in these areas. The cooler tempera- 
tures cannot be responsible, as crinoids are not uncommon in both arctic 
and antarctic areas. There Is an outburst of littoral comatulids in the 
Caribbean -West Indian region, oxtonding southward along Ihe Brazilian 
coast. Here again, Tropiometra is the principal shallow.water crinoid 
encountered. A. H. Clark (I923h) slated that there were known at that 
time 86 species of crinoids from the entire Atlantic basin, including 31 
species of Antedonidae, 13 species of Comasleridac, and 21 species of 
stalked crinoids; and 40 of these Atlantic species are restricted to the 
Caribbean-M>st Indian region. 'I'he ^nus .4 nte<ion janges from Norway 
and Iceland south into the Mediterranean basin, then southward along 
the ^vest coast of Africa to the equatoi, then west to tropical America. 
In some localities off Scandinavia, the l>ottom is completely covered 
with Antedon (GUl^n, 1927). 

The deepor-water crinoids, including the stalked forms, show a less 
lestricted distribution since conditions of life are more uniform in deeper 
parts of the oceans. Comatulids descend into rather deep waters with 
a lower limit of 1500 m., according to the findings of the Challenger. 
Stalked crinoids occur mostly from 200 to 5000 m. but in a few leslricted 
plac'es may ascend into shallow water around 50 m. in depth (A. H. 
Clark, 1908f), and many are found above 1000 m. Whereas the Hyoc- 
rinidae and Millericrinida are generally limited to ocean deeps, the 
pentacrinites proper are more commonly found at more moderate depths. 
They further seem most common in the Indo-Pacilic area, whems the 
other types of stalked crinoids have a haphazard distribution, althougli 
a number occur in the North Atlantic. Most of the pentacrinites. 
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chiefly mem hers of the genus .\ft0trriim4, taken t)y the ('hQllintftr, wen* 
tlredged in the Indo-racilie region, prineiiwlly near the Kej Islands 
^west of New Guinea), the Kermadoe Islands t north of New Zealand), 
and the Meangis Islands tneav the Philippinesj. and also od .Japan, 
III his report ou the erinouU of southern .Japan, Gislen 1 1927 1 note<i the 
taking of three stalked erinoids. one hathy<TiJiid and two species of 
.UWarrmus. .V nuiidxT of different |K*ntac riniles, also sfHvies of Ba/htj- 
vrinun and RhUocrinuSy wore eolliwIiHl by (he Nd«jr/e in the Netlierland 
Kast Indies tDcVderloin, HK)7u and (wo ))entacrinites wen* ilredged near 
>^umatru by the Gevmati Deep Sea Kx|X'dilicm tDcxlerlein, Itdll. The 
Garibl>ean West Indian legion ecmslitules another area in which pen- 
lucvinites are often found by Unnlging, but |x*ntaerinites an* mostly 
watiting elsewhere in the At Ian tie. 

('rin(»ids are surprisingly coinmon in eohl waters. The Dunisli 
higoif Expedition (A. H, dark, Il)2:tbi. which collected between Den- 
mark and Iceland, took II s(XM*i(‘S i>f criinmls at depths lx*1weon lo and 
150 in,; the most common eonmlulids found were /^uiiamdro proliva. 
Ilalhronulra sarsii, and YViWiomr/rcz ea&casu. and three species of stalked 
critioids were taken in some alnindanet* (ftoMyrrmax mr/Htit/rr. Hhu 
zorrinm io/olcfmsy und ^fonQ(‘ho^rinUH M-xrodintutfi. !felwm< tfO ghcinlis. 
an niuisually large comat t did, is very coin i non in northern and arcth* 
wateix, ranging from Nova Scotia and Greenland to (he Kara Sea, Sea 
of Okhotsk, and northern part of (he S4‘a of Japan, ('rinonls have been 
collecte<) from the antarctic on several ex|xxIitions {\. II. (')ark, Hllob; 
John, It»57. H)38, U)3lJ>, chielly from the an(ar<*lic adjacent to South 
America. All the antarctic comat ulids ait* macrophivates. The most 
common specie's is l*romachocnnu9 kcrguctenMig; others ivpc'atcdly taken 
inrlinie Anthometrit aitriani, Iwniftra nvipera, Xotocri/wti viriltB, A^ofecri- 
mortcnitfni, /'7oromc/ro mattxont. Many of the antarctic com a tu lids 
have viviparous habits, as previously noted. The occurrence of hyo- 
rrinids (Hijocriuun, l*lHorrinu9) in the antarctic was noted in the dis- 
cussion of that family (page !00>- The antarctic erinoids tend to 
spread up the South American coast and into the Strait of Magellan, 
Com at ulids in general inhabit rough and rocky Iwttoms, most fj*©- 
qucntly coral reefs, and very few occur on sandy or muddy substrata. 
The relation of cirrus form to typ<* of bottom was discussed on page 38 
and is illustrated in Fig. 4-1. Stalked erinoids are often brought up from 
areas of mud bottom, but ns the basal part Is usually mis^ng, the manner 
of attachment to such a sulistvatiuii is unknown. 

Some comatulids exhibit the phenomenon of geographic variation. 
Thus the common .Intcdori bifida of western European coasts increases 
in size with depth, having a spread of 120 mm. in shallow water, 220 mm. 
or more at greater depths. The charactenstic arctic comatulid, Helia^ 
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metra (jlacialiSy is relatively small in northern European waters, reaches 
ail expanse of 500 mm. toward Orcenlaiid, and grows even larger in the 
opposite direction, in the Seas of Okhotsk and Japan, where at freezing 
tempera tiJi-es it reaches a spread of 700 min. {A. H. Clark, lOOSf). 
Thew' size variations are proliahly related to temperature, not to food 
supply, as supposed fjy Clark. However according to this author, in 
tropical waters comatunds tend to decj'case in size with inoi'Casing depth, 
liut tropical comat ululs are mainly oligophreates, which, as already 
indicated, nr«‘ more or less restricted to warm tropical and subtropical 
waters and shallow depths and apparently are un suited to the cooler 





temperatures of deeper waters. The macrophreates, on the other hand, 
are adapted to colder waters and are in fact the only comatulids to be 
found in polar regions and ocean depths. 

Il has been noticed by all collectors of crinoids that they tend to occur 
in aggi-egations, often very dense. Thus Verrill (1882), in one haul of 
the dredge at 240 m. off Martha's Vineyard, brought up around 10,000 
specimens of the antedonid Haihrometra Icnclla. The steamer Blake in 
Its dredging operations in the Florida-West Indies region breught up large 
numbers of ermo.^ (.\^ssiz. 1878b. 1870), Off 8a„d Key, at the edj 
of the Florida reef, at ooO to 700 m.. so many Rhizocrinus came up that 
Agassis remarked that the dredge n.ust have passed through a forest of 
them, judging by the number of stems and heads of all sizes. Throughout 
the Usser Antilles numerous pentacrii.ites ivere taken, on one occasion 
124 (presumably .Neocrini.s decora,) in a single haul of the tangles In 
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EL similar haul the Porcuf>fne obtaiiied *20 s|)ccimens of Annacrinus 
wyvilMhofnsoni off Portuiial at 'i(HM) m. (Tlunuson, 1872). The occur* 
re nee of large aggregatioiij* of AuOtiott hi/tth on M'aueetls at Rom- off aiul 


of .'hj/er/oa pclosua on the sea lM»ltoni olY Srajnlinavla was ahcaciy 
mentioned, and similarly in thv Minhlerranean I In* eoinmon antcHlonicU 
(.la/cdon nicifitirramo. . 1 . /Af)fOMt'(nt phaUmijiuun n\v foimd 

in large numbers in c*erl:iiii Iwalilies. Il fnrtlier appears lhal in tin* 
tropics certain dominant species of comaliiliiU may cK*(*ur in greal 
mimlHH's in favorable localities. Tills icndency of cniumls to occur in 


aggregations is probably to be altriUutcHl lo ilioUghi annmnl of dispersal 


afforded by the feeble swimming powet's of the larvae. Tficy settle close 
to the tiaixmts and if comlitioiis are suitable grow to maturity near the 
latter, and a large population soon r<*stihs, e.^pccially as the adults are 
not tnueb iuelined to leave u favonible .situation. 

21. Ecology 1 Biological Relations. 'I'lie crinohls. as more or less 
sedentary unimals, im*subjeet toeNlen.sive infestation by other organisnjs, 
ranging from uceidental visitors to Inirnilitl parasites and iticknling n 
wide variety of animal groutis. A. II. ('lark (I1l2lai has given an 
exhaustive review of the available iiil'ornmtiou on association of other 
animals with erinoids, .1 lew proto/.cmn inhabitant.*i of crinoid.s have 
been reported- l.urge mimliors of a dinoflagellate, Ptvtoctnti um mican^, 
\VQ rc 0 l>se rv ed by C 'ue not ( I SI) I e ) inhabiting as 1 e m t nn u ry p; i rasi t es 
some of the intestinal diverlieula of AnUihn OMa. A fiololrichous 
cilialc is said by C'hadwiek (I1H)7| to (H*eur abundantly in the digestive 
trui'l of ehunnol spei'iinens of .1. irijuh, nnd a |H*ritH chons cilia te, Uemi^ 
spnropHin anlcfhiiifi^ rchitial to Trichoitnut^ \s found gliding about on the 
ahoral wirfai'e of the calyx of .InWo/i s|>ecies. among tin* cirri (Perrier, 
188(>: C'u(*uot, I81)lc: C' hod wick, 11107). .Vs may fx* ex|H'ctcd, hy droids 
are fi*e(picntly found growing on the stems and cirri of erinoids. pix'* 
.snmnbly using them simply ax available xulwtrata. OphiuroUU often 
shelter on erinoids as on other arlMin*M*enl objects, but up])arently those 
of the genus Ophiomaza have a geimine as.soeialive i*olationship with 
erinoids. These live on the disk of the cHiiohl with their arms wrapped 
around the aborul snrfac'c and have lieeti noticed by Suhin (1870) and 
Potts (1<J15) to eoi'ifspond in color pal lorn with the host colors. Small 
polychnete annelids of the genus Pohjnw associate with erinoids and also 
pi*esc»it coloration harinoni^jig with that of the host. The chief annelid 
guests of erinoids, however, are the curious, highly altered polychaotes 
known as myzostomes, whi<*h live exclusively as ectoparasites on ech ino- 
de nns, chiofi)' erinoids. They are small or minute creatures of bizarre 
appearance (Pig. 4-5.1 -r), typically dis<*iform {although elongated 
slmjjos also o(*cur) with sensory projections around the margin and suckers 
and ahorled parapodia armed with hooks on the ventral surface. The 
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habits of the numerous species of mysostomes v'ary: some run around 
freely over the surface of the crinoid host ; others are sluggish 

-umber Inhabit swellings, galls, ofother d form" 
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freely on the disk and arms of species of Arxicdoriy whereas -U. glabrum 
remains attached around the mouth, or even within the mouth (Beard, 
18S4). Various swellings, galls, cysts, and other excrescences es-oked hy 
myzostomes on crinoids wort‘ drs4TH>cd and ligint*d by von OrafT (1877, 
1884), who had received for study the my nines from the crinoids 
collected on the Porrupint. Triton, and <'UalUng<r expcnlilions. Cysts 
may contain a pair of rny/.ostomes hut this is not nccejssarily the case; 
males, in case of dioecious .-iix^cies. ure nsnally innch smaller than the 
females- The species .1/- pukinor inhahiis the esophagus of tin- common 
Mediterranean antodonid Lrptomtra phaUimjitfm, with head pointed 
away from the mouth, ventral surface against the esophageal epithelium, 
and concave dorsal surface forming a gniove tor the food stream (Prouho, 
1892). The infestation i»f erinoids with iny/ostomes io prodigious; in 
many localities praetieally every siieci men l>ears them, often in !iuml>or8. 
In the Mediterranean, there is an average of 10 }J.drnfrrum per crinoid, 
hut off the \vi‘st coast of Swinlen, Anfethn iiuli vidua Is may harhor 1(10 
up to 300 or lOt) siM'cimens of .U. cirrifirum (.Jagei'slen, HHO), Heard 
(1884) remarked of .1/. ytahnim that so many of tliem were clustered 
around the month of MKliterranean Antiflon. he wondered how the 
crinoid retained any f<K>d, The my»<islom<‘s an* true parasites, since 
they rob the host of (ikk). hy inserting their pharynx into the food 


streams and appropriating their fill. Suhm (187t)) and Potts (1015) 
noted protect! VC -color resemhiance lie I ween myzostomes and their 
crinoid host.s, but appatHuitly such resemblance is often wanting, and the 
color of the parasites may contrast markt^lly with that of the disk or 
arms on whi(‘h they o<’<’nr. 

Among the worst enemies of crinoids ait^ small delicate carnivorous 
snails of the family Melancllidac, belonging to the genera »S/fb/cr. 
iSfllitVicffa, and .Ucfuoe/fa (Fig. 4oJ)). They move about on the host and 
with their proboscis l>orc through hani skeletal parts, as the calyx, 
hrachials, pinmilars, or cirrals, into the .soft tissue which they then devour. 
An account of one of the most common of tlu'se snails, .S7///tna<;oma/<dtcofa, 
found attached to the anal tube or cirri of Mediterranean antedonids, 
was publishc*d by von Graff (1875). 

Crinoids arc also infested with a variety of small crust^aceans, to 
which they furnish food and shelter gratis. Among the commoner of 
these ai'C alpheid prawns of the genus Sifnatpheut that generally live in 
pairs on the disk and if disturbed dig their clau*s into the disk or seek 
refuge among the pinnules; ponloniid prawns of the genera FericUmene$ 
and Pontoniopds; little crabs of the genus Galalhea; an isopoda Anilocra 
that dwells inside the anal tulic (P. H. Carpenter. 1884) ; another isopod 
Cirolana lincata, common on the tropical Comanthus annulatus, where it 
spends most of its time inside the digestive tract (Potts, 1915); an 
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amphipod, Cyclotelson purpureum, also found by Potts (1915) on the 
surface of Comantku9 annulalvi; another amphipod of more parasitic 
habits, Lapliifstiopsis iridonulraCf that burrow's into the disk of Iridiometra 
(A, H. Clark, 1921s); and two copepods, CoUockeres gracilicauda and 
Enterognalhus coma tu he, found on Mediterranean conialulids. The 
former of the two copepods is of normal appearance, moving about on 
the disk of the AnUdon (Rosoll, 1888)» but Enterognatkus comatulcu 
shows parasitic alteration (Fig. 45£); females and young live in the 
intestine of the crinoid, whereas the males lead a free existence (Gies- 
brecht, 1900). Synagoga metacrinicola, a parasitic barnacle of the 
asco thoracic group, lives attached to the surface of Metacrinac rotundu$; 
the body enclosed in a bivalve shell retains typical barnacle structure 
(Okada, 1920). 

In a study of the inhabitants of crinoids, especially Comanlhus 
annulatus, in the Torres Strait region, Potts (1015) emphasized a striking 
color correspondence between the comaslerid and its crustacean associ- 
ates. The comasterid occurs in a wide range of colors, from light 
specimens composed of a combination of white, light green, and yellow, 
to dark green and almost black individuals. The accompanying crus- 
taceans, including the alpheid and pontoniid prawns, the galatheid crabs, 
and the isopods and amphipods are mostly dark-colored with light 
longitudinal bands (Fig. 4G). The width of the light stripes varies with 
the color of the individual Comanihus occupied; on light-colored speci- 
mens, the prawns and crabs tend also toward a light coloration, achieved 
by a broadening of the light bands and a narrowing of the dark-colored 
areas. This color adaptation, presumably of protective value, was most 
conspicuous in the alpheid prawris, which were almost white on light- 
green Comanlhus individuals, striped on Comanthus showing a barred 
pattern, and dark dorsally on dark-greeji or blackish hosts. Hippolyte 
hnnii, striped carmine and yellow, also shows color adapation to its host 
Antedon bifida (Nouvel, 1953). 

It has been remarked by A. H. Clark (1921b) and others that the 
infestation of crinoids with other animals is most pronounced among the 
tropical littoral crinoids of the Indo-Pacific region, except as regards 
myzostomes and snails, which attack crinoids everywhere. These Indo- 
Pacific littoral crinoids are mostly comastcrids. a group more open to 
parasite attack than are other crinoids, because they are somewhat 
larger, have sluggish habits, long and numerous arms, and open ambu- 
lacra! grooves that cannot be closed. Members of many other comatulid 
families are able to present the stealing of food from the grooves and 
mouth by closing down the side and covering plates Deeper- water 
and stalked crinoids have fewer pestiferous associates but are also 
afflicted ivith myzostomes. especially the types that inhabit galls and 
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Kio. 4I», Crnalarnn roiniiicnHals of rrinoids. »ho«*iiiK |»rt»(ci’tive volorution. A, B, 
two kiocj.i of SunolpfiAft/n shrimps. C. a pontoniid prawo <»f th« genus Ponloni^ptit. 
D‘F. three kiinlnof vrula* of the genun (7afafAra. (4ff a/frr Pwa. 1915.) 

cyst^. Cyuts attributable to myzostoinos arc aUo known on crinoid 
fossils. 

VI. SUBPHYLUM ELEUTHEROZOA 

This subphylum comprises the remaining four classes of echinoderms 
and includes the great majority of the living members of the phyluui. 
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The Lleutheroroa are seldom attached by a atalk at any period of their 
Ide history, but lead a free existence in which the oral surface is carried 
downwarf agauist the substratum; except in the Holothuroidea which 
commonly be and crawl upon one side. The orientation of the body is 
hus opposite to that of the Pelmatoso. and furnishes perhaps the most 
striking point of contrast lictween the two subphyla, A marked pen- 
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tamerous symmetry prevails throughout the Eleuthero^oa; it is practically 
perfect in the asteroids and ophiuroids, whose body form in genera) is 
that of a five-pointed star, but iiichiios to secondary asymmetry among 
the echiuoids with globose to discoid bo<ly and among the holothnroids 
that are more or less vermiform. The amVmlaoral system retains the 
same plan of structure as in the IVImatozoa. but the atnluilueral grooves 
usually do not serve for foo<l conveyance, and the podia are chiefly 
locomotory although not infrequently losing (his function secondarily. 
The ambulacral system dilTers from that of the Pelmato/oa. except 
Edrioasteroidea, in that the pcxlin pass from the interior to the exterior 
l)etwcon or through the ambulacral plates and are typically provided 
with ampullae. The endoskolcton forms a continuous theca or tost 
only in the echinoids. consisting of M'pnrate ossii les in the other classes, 
and these are of microseopic sixe among (he holothuroids. The aliorul 
nervovis system is greatly redum! or wanting, and the oral system takes 
0 %’cr the dominant role. The digest iv'c tract has tlte typical elongated 
1 ‘eourvcd form in echinoids and hulolhuroids but is reduced to a short 
straight form with slumuchic onlargennent in asteroids and ophiuroids. 
d'hc amm, wanting in oplnuroids and smno asteroids, is typically located 
ahorally at the opjjosite end of the body axis from the mouth; but in 
irregular echinoids tends to wander to an oral position. The gonad 
remains primitively single in the holothuroids hut is pentainerous in the 
thi'oc other classes. 

The ICIcutherosoa divide sharply into two groups, one consisting of 
the class llolothuroidcn. and the other comprising the three cluss<*s 
Asteroidcu, Echinoidca, and Ophiuruidea. These classes will now bo 
trealc<l in the order named. 

m CLASS HOLOTHUROIDBA ^ 

1. Definition. -The Hoiothur<Mdca’ are echIncMierms with orally* 
ahorally elongated cylindniid IhxIIcs having the mouth at or near one 
end and the anus at or near the other, usually dorsovent rally differ- 
entiated, hence lying upon a ventral surface formed of rays B, A, and VI. 
with a circle of tentacles representing altered podia encircling the mouth, 
with an endoskeleton in the form of microscopic ossicles imbedded in 
the body wall, and with a non radial gonad opening anteriorly by a gonn- 
pore located in interradius Cl). There arc about 500 described species. 

2. General Remarks.- -The holothurians or sea cucumbers have 
been known from ancient times, as they are conspicuous animals of 
the ocean littoral and common in the Mediterranean region. It is 
improbable that the animal called hololhurium by Aristotle actually was 
a sea cucumber but his name has remained attached to this group of 

•The orlginnl Rprillne HolothurloMwi is nbo often pniployed. 
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animals. The commoD name of sea cucumber apparently derives from 
Pliny's term cucumis marinxts that he applied to a true holothurian. 
Scientific study of holothurians did not begin, howe\*er, until the latter 
half of the sixteenth century and from that time was pursued with increas- 
ing vigor until the present era when interest in this group appears 
relegated to taxonomic specialists. An exhaustive historical account is 
furnished by Ludwig (1880-1892) in the volume on the Holothuroidea 
In Bi oiurs Khssen und Ordnungen Tierreichs, Many new and curious 
forms were described by Thdel (1882, 1886a) in the Challenger reports, 
and later advances in knowledge of holothurians have come chiefly 
from other collecting expeditions, such as those of the Albatross, BUske, 
Sihoga, and Valdivia, several sponsored by the marine station at Monaco, 
and a numl>er of antarctic voyages. The holothurians of the Atlantic 
coast of the Americas, from Cape C'od to Brar.il, have been monographed 
by Deichmann (1930), and Pacific Coast forms have been treated by 
Ludwig 0894), Kd wards (1907b), and Deichmann (1037, 1938a, 1941), 
In addition to the Ludwig volume in Bronn just mentioned, still useful 
despite its age, a modernized account by L. Cu4not (1048) appears in 
Volume XI of the TraiU de sodogie. 


3. External Characters. -The body form is typically that of a short 
to long cylinder, with the mouth, encircled by variotisly shaped tentacles 
at or near one end. and the anus, often edged with more or less evident 
pap.llne, at or near the other. Pentaradiatc symmetry is sometimes 
externally evidenced by the presence of five equally spaced meridional 
ambulacra bearing podia, as in Cucumorj'a (Fig. 47/1, B)- but most 
holothurians habitually lie upon one side that differentiates as’a flattened 
ventral creeping surface or so/c, tearing all the locomotory podia and 
contrasting with the opposite arched dorsal surface on which the podia 
are rcpri'senled by warts and papillae, as in lloloihuria. Stichopu, and 
Achnopyga (Figs. 18.-1. H, 52.1). Such holothurians display a more or 
less pronounced bilateral symmetry. Typically, the body proportions 
are those of a cucumber but in the order .\poda a vermiform shape 
obtains Fig. 49fl); m the Molpadonia the body is usually narrowed 
posteriorly into a tail-hke region bearing the anus at its tip (.\(olpadia, 
Fig. 49S): and various aberrant shapes occur in the curious membws of 
the order Elasipoda, including a postanal tail-like projection (Fie 490 
rounded or flattened. A thin rim formed of fused papillae frames the 
body proper m a number of elasipod genera, as flafAysena. Pentona. 
Prfopatirfes, .4fepat,*,, and Euphronide, (Fig. 5OB), possibly as a 
floating device for these deep-water creatures. A plump, almost spheri- 
cal, shape IS seen m Sphaerothuria (Fig. 50.4), in which the dorsal surface 

but more pronounced dorsal dispUcement of the body ends with reference 
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to the main axis occurs in P solus (Fig. 60C) and other psolids, where 
inoutl) end and aims are located on the dorsal surface and the ventral 
'Surface is altered into a highly differentiated adhesive sole (Fig. 50Z))- 
contrary ventral displacement obtains in many Elasipoda as well as 
other holothurians with the anterior end shoved vcntrally and facing 
the substratum, as in Euphronidts (Fig. 49C), Elpidia (Fig. 53^4), and 
Dcima (Fig. fj'lD, E). 

The mouth, which, as just indicated, may be terminal or displaced 
<lorsally or ventrally, is of circular shape and surrounded by a thin area 
of body wall (buccal mtmbronc), bordered by a circlet of tentacles invari- 


ably present in all Holothnroidea. The number of tentacles ranges from 
10 to 30, being usually some multiple of five» but irregular numbers 
also occur. There are usually 10 tentacles in the Den dro<‘hi rota, 18 to 
30 in the Aspidochirota (Fig. 49/1), 12 to 15 in the Apoda (Fig.'49D), 
15 in the Molpadonia (Fig- 510), and 10 to 20 in the Elasipoda (Figs! 
.>0S, 53B)- The tentacles are actually labial or buccal podia, containing 
extensions of the water-\'a«cular system as branches from the radial 
canals. They are usually all of the same site except in the Dendrochirota 
where typically some are much smaller than the others (Fig. 70A), 
although the common dendroohirote genus Cucumaria often has 10 
c<iua)ly developed tentacles (Fig. 47.1, B). Usually when 10 tenUcIes 
lire present in memf>ers of this order, the 2 belonging to the midventral 
radius (A) are almost invariably smaller than the others (Fig. 5IA). 
In ease of dendrochi rotes with 15 or more tentacles, 5 or more of these 
are dwarfed and distributed regularly or irregularly between the larger 
tentacles. The tenucles are almost always disposed in a single circlet, 
but in a few of the clendrochiroles with sei'eral dwarf tenUcles the latter 
may be ilisplaccd inwavd to form an inner circlet (Fig. 8(yB) 

The form of the tentacles differs in the different orders of Holo- 
thuroidea and in fact constitutes a character of ordinal value Dendnlic 
tentacles, branching in an arborescent manner, are limited to the order 
Dendrochirota typified by such genera as CucumaHa (Fig 47 A) Thvene 
(Fig.51/l,C),andFsofus{Fig.50C). When fully extended such ^ntacles 
reach considerable length relative to the »ze of the animal. Pinnale 
tentacles, characteristic of the Apoda, consist of a central axis bearing on 
each side a senes of a few to many digitiform or leaf-Uke side branches 
(Fig. 49D). They, too, are rather conspicuous features of the external 
appearance. The other types of tenUcles ai^ short and less conspicuous. 
The tentacles are pcllaU in the Aspidochirota and most Elasipoda that 
IS, resembling a nasturtium leaf, with a central short stalk giving off 

dtguau short plump projections with or iiithout small terminal 
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Viu. 40. — l*'xainpl«a of )lololhun>ide* (continued). A. wntAcles of Aeti/topyga. 
expanded, showing peUate type (/rpm lift, Bahama*) ~ B. ,\Joi podia mutctilut (Order 
Molpadoiiiu) witb tail {a/Ur H. L. Clark. lOOTa). C. Ptychrapotes, from deep water 
(Order bla^ipoda. a/Ur Ludi^io. I8d4>, D. Baapia lappa (Order Apoda). with pinnate 
tcntuclcs {/ram li/t, Bahama*). B. inehor and anchor plate from body wall of Euapta 
lapiia. 1. mouth; 2. buccal membrane: 3. stoJkaof peltate tentorles; 4. fronds of tentacles: 
6. rrown of digitate tentacles; C. ambulacra: 7. toil; $, location of aous; 9. anchor; 10. 
anchor plate; H. crown of pinnate tentacles: 12 . warU; U. cim of fused papillae: U. loco- 
TDOtory podia of mid-ventral ambulacrum; 15. papillate p^ii of ambulacra B and £: Id. 
nnuK; |7, postnnal tail. 
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The tentacles are extremely retractile and can be withdrawn by the 
closure of the adjacent body wall over them when fully contracted. 
This capacity is best developed in the order Dendrochirota where the 
anterior end just behind the circle of tentacles is altered to a smooth thin 
cnllaj-like region termed the inirweri (Figs. 50C, 51.4). This together 
with the tentacles can be drawn down into the Inferior by the contraction 
of a set of retractor muscles, and the rim of the body wall then closes 
over the retracted anterior end. Retractor muscles also occur in a few 
.Vpotla and Molpadonia but are wanting in the other orders, In many 
aspidochi rotes a projecting rim of body wall {tentacular collar) often with 
a fimbriated margin (Fig. 48.4) similarly closes over the retracted 
tentacular crown. 

In the iniddorsal line, representing interradius CD, there is found 
between the adjacent tentacles or at a level more or less posterior to the 
crown of tentacles, the genital papilla as an evident projection (Fig- 47iB)- 
Closc to it there occurs in some holothurlans the hydroporc or a set of 
Kina 11 pores I'op resenting a madreporic plate. 

The genera) body surface is thick, leathery, and slimy in most holo- 
thurians and moie or less covered with waru. tubercles, or papillae, 
but is only slightly roughened in most Apoda and often so thin that the 
viscera may Ik* seen through It (Fig. 6SA). Fodia appear on the external 
surface in thiee of the five orders of Holothuroidea, being wholly absent 
in the order Apoda and but slightly represented in altered form in the 
Molpadonia. Typically, they take the form of locojnotory tube feet 
(called pcdiccU by holothurian specialists). These aie hollow tubular 
projections of the body wall containing a branch of the water-X'ascular 
.system and terminating in a concave expansion acting as a sucker and 
often supported internally by a skeletal disk- The podia may also take 
the form of papillae, which lack a terminal sucking expansion and serve 
primarily sensory functions. Arrangement of the podia in five ambu- 
laoral radii extending the body length occurs in only a fw holothurians, 
notably most members of the genus Cueumaria (Fig. 47.4, B). Even 
in this genus there is evidenced a tendency for the dorsal podia to lose 
their suckers and for the podia to spread into the interradial areas; and 
in the related genus Thyont, podia are scattered over the entire surface 
(Fig. 5M, B), with a gradual loss of suckers toward the dorsal region. 

In Phyltophorui, also, podia occur over the entire surface (Fig S6B) but 
tend to be arranged in meridional tows in some species. As however, 
the shape of holothurians compels them to lie upon one aide (unless 
supported m burrows), it is not surprising that the loeomotory podia are 
^nerally restricted to the functional ventral surface and are wanting 
dorsally or altered into nonlocomotory papillae. The ventral surface 
bearing the loeomotory podia thus becomes a flattened creeping sole, 








FiO. 50. — Knaitiplen of llvIolhunHde* (rontinued). A. Sphatrcthufia, wKh sctly 
armor (Order DcndrocUirota) . B. Bup^ronidn. with rim Of fused papillae (Order Elaai* 
poda). (i4. B. afltr Ludv<p. I894.j C. ^MfH«/ofrrteit, preserved, M’itU dorsal moutli and 
anus an<l sc oly armor (Order Dcndrocldrolaf. D. same, ventral view, showinf sole. B. 
anterior end of Ptnlua soxomofui. sliovinK scales around the retracted introvert. I, mouth 
end; 2. anal end; 3. spiny scales; 4. mouth; 5, buccal membrane: 5. ring of peltate tentacles: 
7, rim of (used papillae: S. row of loeometory podia; 9. anus: 10. crown of tentacles; U. 
introvert: 12. ute of withdrawn introvert; 13, scales around aous; 14, creeping sola: 15, 
rim r>( lateral body wall around cree(Mng sole: 16 . body scales. 
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often sharply marked off from llie arched dorsal surface, as by a pro- 
jecting rim, sonictiirn‘s very pronounced (Fig. 48.1 » B). The creeping 
sole embraces three ainbulacral radii, namely, E, A, and B, and the two 
iiitcrradii AB and AE, and thus constitutes what is called a trivium in 
other Elevithoroxoa, wliile the dorsal Inxly region includes the radii C 
and D and the three interradial strips BC, CD, and DE, thus forming a 
bivium. The fact that the creeping sole involves three ambulacra may 
be evidenced by the arrangement of the podia in three longitudinal 
bands, as in t^lkh<ypus (Fig. 5*2.-l>. However, in other common aspido- 
chirote genera, as lioloihuria and .4c/i«opyp<i, the whole creeping sole is 
crowded with numerous tuln? feet, not radially arranged (Fig. 48.-1). 
A pronounced reduction in the number of podia on Ihe sole is common 
among holothurians. and among the Dei id roc hi rota is exemplified by 
the much modified genus /W hs (Fig. 50(', 0) in which the armored and 
strongly arched dorsal surfac-e. devoid of podia in any form and bearing 
the introvert and the anus, is markedly set off from the cieeping sole by a 
thin wide margin. The sole Itself bears a limited number of locomotory 
podia, arranged along radii B and E and in some species also along A 
(Fig. 50/.)). The related genera Ptolidium and Theclitx differ in retaining 
podia on the dorsal surface, altered into papillae emerging through the 
scales of the armor. Reduction of the locomotory podia and their 
limitation to the ventral radii is the rule among the Elasipoda where there 
is usually a double row along radius A or a single row on each side along 
radii B and E (Figs. 49(\ 50/f, 52Z), 53.4, B, O). 

As already indicatwl, podia may be altered to warts or papillae, which 
boar the same relationship to the water- vascular system as do locomotory 
podia. These alteied podia are found on the dorsal and lateral surfaces. 
They may occur irregularly or along the amhulacral radii. Thus in the 
aapidochirote genera Hoiothuria and Actinop>jga the dorsal surface is 
covered with warts that lack any definite arrangement (Fig 485). 
The distal part of such warts is often narrowed to a contractile filament. 
In other holothurians, notably the Elasipoda. there are often a few large 
stiff papillae borne in rows along the C and D radii, sometimes also 
along the B and E radii (Figs. 52Z). E, 53C). The lateral rims found in 
a number of these holothurians arise through the lateral fusion of B and 
E rows of papillae, the tips of which often remain free (Fig 53B C) 
The tenUcular collars in aspidochirote holothurians that close over the 
retracted tentacles are also formed by the fusion of papillate podia as 
shown by thorn hmbnated edge (Fig. 48.4). The crescentic fold behind 
the anus in P.ychropotc^ (Fig. 49C) has also obviously arisen by the 
union of papillate pod.a Perhaps the most curious of all Elasipoda 
are those m which papillate podia are united to form a sort of sail or 
velum. In the genera Ptniegon, (Fig. 53/» and .Sco/oana^.a (Fig. 88.1) 




Fro. 51.*-‘Rxftn)|*ln of HolothuroidM <«»nUnue<iU A. Thyont bnartua, Atlantic 
Coast. prcHorvvcl. with podia over (be entire «urfac« (Order Dondrorhirota). B, podia of 
same. C, expanded (entai’le of same. D. end oasicic of locomotory podiuni of same. 
(C, I>. after foe, 1V12.) E. (able t>pe of o»i<*IeM of same {after i>etoAmo»n, 19^)0); in 
mature speviniens of this speriee ossieles are limited to the body ends. F, section through 
Aelinopuoa (Order Aspidovhicuta), to sho« axial relations. G. anterior >nd of Coudtnu 
artniifa (Order Molpadonia), to show diaitate (enlarles {after Gerauid, 1896). I. normal 
tentarics; 2, dwarfed mid-ventral pair of tentaeks; 3. introvert: 4. loeomotory podium from 
ventral side; 6, dorsal papillate p^ium; 8, lonfitudlnal muscle bands; 7. creeping sole: $. 
ampullae of pc^la; 9. mouth: 10. buccal membrane: U> digitate tentacles. 
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this is an erect transverse membrane composed of two or four papillate 
podia located dorsally near the anterior end. In Pelogothuria (Fig. 874) 
behind the conspicuous circlet of tentacles is another partial or complete 
circlet of long papillae united basally by a web. 

The dendrochirote genera Psolits, Psofidiwm, and Thcelia are notable 
among holothurians in having a protective armor of hard rounded oi 
rhomboidal calcareous plates imbedded at the surface. These are 
smooth a!id imbricated in the well-known species P sol us squamatus 
(Fig. 60*5), warty and not overlapping in some other Psolus species 
(Fig. dOT). A similar but less conspicuous hardening of the surface by 
imbedded calcareous plates occurs in Ddma (Fig. o'2D. E) and some other 
elasipods. 

The anus is terminal in the Molpadonia and Apoda hut in the other 
orders is often displaced dorsally or vent rally. The formation of a 
creeping sole which usually conditions a more or less ventral displacement 
of the mouth seems to favor a dorsal displacement of the anus. The anus 
is often encircled with small papillae, usually so in the Molpadonia, or by 
calcareous plates or teeth. Five calcareous teeth around the anus or 
within its rim occur in a number of holothurians and are a conspicuous 
identifying feature of the aspidochirote genus AcUnopyga (Fig. 48C). 

The axial relations of holothurians in comparison with other echino- 
derms have probably already been sufficiently indicated. The mid- 
ventral ambulacrum is the radius A, flanked to the right by ambulacrum 
B and to the left by ambulacrum C (Fig. 5 IP). The middorsal line 
lies along the center of interradius CD, and this interradius can be 
identified by the presence of the gonopore at or along its anterior end, 
further in some holothurians by the occurrence at the surface of a hydro- 
pore ov madrepoi'e. The five radii are not necessarily equidistant- As 
the anus is xisually terminal or can be displaced either dorsally or ven- 
traliy, iU location is useless for esUblishing axial rclatlonships- 

The Holothuroidea are mostly of njoderate sise but vary within wide 
limits, like most animal groups. Very small forms, a few centimeters in 
length, occur among the Elasipoda and Dendrochirota and in the genus 
Leplosynapta among the Apoda. Moderate size p^e^'ail 5 among the 
Molpadonia. The Aspidochirote are mostly of moderate to large size 
and the largest holothurians that retain the cucumber shape occur in the 
aspidochirote genera Holotkurio, Actinopyga, and Stichopus often 30 to 
50 cm. in length. Shchi^us rariegatus from the Philippines was reported 
Dy Semper (18G8) to reach a length of a meter with a diameter of 21 cm. 
The greatest lengths are seen among the Apoda, whose vermiform shape 

and thm body wall permit some of the larger species to stretch themselves 
out to lengths of 1 or even 2 m. 

The Holothuroidea are mostly of dull coloration, occurring in shades 
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Fic. 52.' r.xnnu>le» •>( llololligmicleu <conUngi?<l)- A. Sliftioput lfC^ieHOtu$ (Order 
AHjiidootiitolo). with preet>»«« prnJia l/rem ti/c. fiahtimas). B. tabic 

of •‘ariie. V. C o?.wk of name. f). (Order JClasij>w3uS . deep-sou form, 

vcntrol view, K. Deima. dor>al vkw. *Iiom»bs laruc jwpillae alon* ambulavra. (D. E. 
a/le' Thttl. 1882.) 1. peltate lenlarlc?.: 2. lentarle collar; 8, Womolory podia along 

ainbubivra K, A, nnd B; 4, papiUalc podia; 5. riiouth; 0. anus; 7, locomotory podia along 
aiiibuluLTu K and li; 8, gonoiiore; 9, papillae of ambulacra E and B: 10, papillae of ambu 
larra C and D; 11. rina of digitate tentacles. 
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of gray, brown, and oU\'e, up to black. The brown and black shades are 
probably of melaiiistic nature chemically (MilloU, 1950, 1953). Often 
the creeping sole contrasts with the dorsal region by its lighter or brighter 
hue, being while, yellow, pink, rose, or terra cotta in animals otherwise 
soberly colored. The Klasipoda, which are mostly residents of deep 
watei\ often pre.senl the purple, n^aroon, or N^olet shades common to 
animals of ocean depths. The smaller Apoda are often pale or trans- 
parent or of pinkish or rose sharles, while the larger ones run to gray and 
brown colors, although some are orange, terra cotta, or violet. Yellow, 
red, and orange hues are also seen among the dendrochi rotes, notably 
in the psolids. While holothurian colors are usually more or less uniform, 
contrasting spots and stripes also occur. 

4. Body Wall.— The body wall varies much in thickness in difTerent 
holothurians, being relatively thin in the Apoda and Molpadonia, thicker 
jn.the other groups. It has the structure typical of coelomate animals. 
The surface is devoid of cilia and covered with a thin, structureless 
'Cuticle, beneath which is found Ihe epidermis. This usually consists 
of tall epithelial cells with attenuated bases that are not definitely 
delimited from the underlying dermis (Fig. 54.4, H), In some holo- 
thurians, especially synaptids. the epidermal cells tend to occur in 
rounded clumps (Fig. 54 J) ; this condition was also described for Oucu- 
maria hy Cudnot (1801a). The epithelial cells are interspersed with 
sensory cells of the usual neurosensory type, with swollen nucleated 
middle and attenuated ends (Fig. 58C’>. Hamann (1884) has described 
and figured two types of gland cells in the body-wall epidermis of Synapta, 
goblet cells and ordinary gland cells (Fig. 58 A. B). It would appear, 
however, that gland colls are more common in the Apoda than in other 
holothurians, as their secretions compensate for the absence of podia 
Even in synaptids, they are more numerous in the buccal membrane and 
tentacles than m the general body wall, and in other holothurians they 
appear more or less limited to the former locations. 


The dermis constitutes the greater part of the body wall and deter- 
mines Its thickness. Peripherally the dermis is of loose construction, 
comped of connective-tissue fibers forming a mesh that encloses the 
endoskeletal ossicles, while more internally more closely placed parallel 
fibeis achieve a firmer consistency (Fig. 54.4). The pigments to which 
the b^y owes lU coloration occur as free granules in the epidermis and 
peripheral dermis and as granules in branched pigment cells in the latter 
situation. Pigment granules are often associated with nervous elements 
of the dermis^ The dermis contains stellate connective-tissue cells, 
also often wandering coe omocytes which may. however, be concentrated 
in a lacuna to the inner side of the dermis (Fig. 54.4). There is a general 
ner^-e plexus throughout the dermis which is especiallv noticeable in the 
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virinity of organs. Joiirdan (IS83) and llamann (1884) have 

reported the pn'schcc of another plexus, the subepidevmal plexus, 
situated immediately beneath the epidermis (Fig. 58^1) in at least some 
holothuriuns. 

The dermis is followed by a layer of circular muscle fibers that may 
form a complete cylinder but usually is interrupt4xi at five points by 
the five longitudinal muscle l>ands that course along the inner surface 
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of the ambulacra. The circular muscle layer forms a sphincter for the 
anus and is also strengthened in the tentacular collar, adjacent to the 
introvert, and around the mouth. From the circular muscle layer 
columns of muscle fibers may ascend through the dcrmis to the under- 
surface of the epidermis. The five longitudinal muscle bands, occupying 
the radial positions, are single in the Apoda, Elasipoda, and Dendro* 
chirota, usually double in the Molpadonia and Aspidochiro'a, that is, 
medially attached by connective tissue to the undersurface of the ambu- 
lacrum (Figs. 57 Z), 04.4). The muscle fibers consist of long slender cells 
of the smooth type. The longitudinal muscle bands when highly 
developed are composed of cylindrical strands with the muscle cells at 
the surface of the strands. The long muscle cells of the retractors of 
Cucumaria minicta contain 2 to 20 fibrils imbedded in a connective- 
tissue mesh (Hall, 1927). The inner surface of the body wall is clothed 
with the ciliated peritoneum. 

The tentacles attd locomotory and papillate podia have the same 
general structure as the body wall but differ in detail. Usually their 
covering epidermis is taller and better defined, their conncctivc-tissuc 
layer thinner, their sensory and gland cells more abundant, and their 
nervous and muscular provision more conspicuous. Podia and tentacles 
are considered further in connection with the water- vascular system. 

The dermis contains, chiefly in its superficial layers, the cndoskelctal 
ossicles or spicules (called depo9it9 in taxonomic works) that constitute 
the outstanding characteristic of the class. They are of microscopic 
size (except when forming a surface armor) and are believed to represent 
an archaic or persistent embryonic state of the skeleton. They are 
fenestrated (calcareous bits that occur in an endless variety of shapes, and 
these shapes, many of which have ac<tuired distinctive but fatdastic 
names in holothurian taxonomy, arc of paramount importance in species 
identification, so much so that in mcxieni taxonomic studies on holo- 
thurians illustrations are often confined to rep resen Utions of the ossicles. 
Each species is characterised by the forms its ossicles. However, 
ossicles are lacking in a few holothuHaiis and in others may be wanting 
from large areas of the body wall. If the body wall is thin, the ossicles 
can be seen by mounting a bit for microscopic examination, but in thick- 
walled species the ossicles must be freed by dissolving a piece of body 
wall in caustic solutions. 

( The shapes of (»slcles found in a given holothurian may bear some, 
but not much, relation to its ordinal or familial position, and surprisingly 
different ossicles may be found in related genera. The simpler shapes 
include smooth or warty or spiny rods, with or without end knobs and 
branches, and various sorU of fenestrated plates. Such rods and plates 
are seen in Aettnopyga (Fig. 480) and Cucumaria (Fig 47C) An oval 
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Fig. M.^Body woll. A. through th« body wall of a holothurian. 

enlarged view of the epider?ni» of a hotoihurian. {A. B. afltr JoHnla/t. 18S3.) C, 
roaoiie. D. baaket. (C, D. ^ttr DfUhmunn. 1930.) B. button. F. table, froin 
G. table, from the aide. H. young state of oaaicle, lypleal four-rayed shape %'itli forked 
ends. (i’-W. HofeiAurta, from life. I J. aertion through the body wall of .Synap^o. with 
onchors in place iofltr WooJlofui. !906>. K. anchor type of .Uo/padm (a/tfr DanicUt^n 
and ^Torm. t8H2>. I, euticlc; 2. epidermis: 3, outer looao eonnurtive tissue of dermn*; 4, 
holes in same where ossicles were removed with acid; S. inner dense layer of dermis: 6, 
Iu<una Filled with coelomocyiaa; 7. circular muscle layer: 8, coelonjic lining epithelium; 
9, pigment eell; 10, coeloinocyte; 11. anchor in place; 12. anchor plate; 13. auchor: 14, sup* 
ixjrtiug fenestrated rods. 
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ossicle perfoiated with four, six, or more holes io two rows, called a 
button in English, a buckU or clasp in German, is common among the 
Aspidochirota (Fig. 54 E) but also found in other orders. In a more 
complicated type, termed table in English, tower in Fi'ench, and stool in 
German, the perforated disk or plate bears an erect spire or tower, also 
perforated (Fig. 525). These tables are especially characteristic of the 
Aspidochirota where they occur near the surface with the towers directed 
oxitward. Numerous variations of the table type are produced by 
\'arying heights of spire conjbined with varying shapes or degrees of 
expansion of the supporting disk. Sufficient suppression of the tower 
results in a perforated plate. Roeetles are short pump rods much sub- 
divided into short branches (Fig. 54C), and baskets are more or less 
concave perforated plates with a toothed edge (Fig. 545). A distinctive 
type of ossicle peculiar to the apodous family Synaptidae is the anchor, 
an anchor-shaped ossicle attached at the lower end of its shank by means 
of connective tissue to the narrowed end of an accompanying ovate 
perforated plate (Fig. 495), so as to stand up from the plate at an angle 
of about 45 degrees. The anchor plates are oriented in the body wall 
parallel to the surface with their long axes in the transveise plane (Fig. 
54./). The two arms of the anchor are not in line, but both point in one 
direction at an acute angle with the shank. Stretching of the body wall 
causes the anchor to sink against the anchor plate, so that the pointed 
tips of the arms are brought to the surface (without piercing it). These 
points then catch on objects and thus serve for attachment in crawling, 
in the absence of podia in synaplids. The points of the anchors will 
also stick to the fingers strongly when synaptids are handled, and this 
property has given synaplids the popular name of “anchor worms” 
in some localities. The anchors are often lodged in more or less evident 
eminences or warts of the surface (Fig. 495). Anchors also occur among 
the Molpadonia in the genus Motpadia, where the anchor base is attached 1 
to the swollen fenestrated inner ends of five (or more) ladiating rods 
(Fig. 54K). Another apodous family, the Chiridotidae, is characterized 
by wheels, a type of ossicle formed like a Uny wheel with 6 to 24 spokes 
(Fig. 555, F). In Chiridola, the wheels are generally aggregated into 
warts or papillae called wheel papillae that may be distributed over the 
whole surface or may be limited to interradial areas, especially the dorsal 
interradu- Wheels are also found in the order Elasipoda (Fig 55/1), 
but a more characteristic ossicle of this order is some vai iant of a four- * 
branched type, especially one consisting of four arched spiny legs bearing 
one or more spiny projections (Fig. 555. C). Ossicles resembling a C 
also occur m the Elasipoda, as well as in the aspidochirote genus Stichopus 

ossicles are called miUanj prantrfes. 

There are ossicles m the tentacles, papillate podia, and uMially a.s end 
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Flo, 5S,— 0»»ivlea (rontmutd). A-D. osskU »>*!>«' of EUaipoda (after ThM, 

A, wheel. B, C. type* witU four si>iny le«». D. fog frayed type. *plny rods. C. S. 
wheel of uhiridotid .t/ynefrecAu* [a/tfr Ctani«l*3nit atui Karen. )lUt2}. F. »iK*»poked wUccioi 
Chiridnta (afler «. L. C7or*. IDOT). 0“L.aUge»in the deN'elopmcnt of os*irlo»of CKfumorfa 
iaflrr WootUand. 1000). G. rod IwKiiming between two mesenchyme cell*. E. tod forked 
at end*. J. fork* eolarged. K. fork* btenebing. L. branches fused M form perforated 
plate. 
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plates in th6 adhosivc disks of the locomotory podi&, further in the 
mesenteries and other internal structures; and all of these may differ in 
shape or size from the ossicles of the general body wall. Further, the 
developmental stages of ossicles differ from the definitive shapes and 
thus complicate taxonomic determinations based on the ossicles. Juvenile 
holothurians may be provided with types of ossicles wanting in the 
adult: thus wheels are present in synaptid larvae {Fig. 56C) but absent 
in the adults of this family. 

Finally there should be mentioned the large surface scales of the 
family Psolidae that form a protective armor for the general body surface 
and the anus and close over the retracted introvert (Fig. 50C, E). These 
scales are rounded or rhomboidal perforated plates, smooth or with a 
warty surface (Fig. 50C. E), imbricated in the familiar species PboIub 
zquamatut (Fig. SOfi). In some species of Pso/us, the protective scales 
for the introvert and anus are five in number, symmetrically arranged 
around the openings (Fig. SM). A surface armor of scales also occurs 
among the Elasipoda. 

The development of ossicles has been repeatedly described (Woodland, 
1006, 1907; Domantay, 1033). Most types of ossicles begin as a minute 
rod secreted by the cooperation of two or more mesenchyme cells (Fig. 
550). This rod increases in size and scKm forks at the ends into a shape 
somewhat resembling an X; by repeated forkings and union of the 
br^ches types of ossicles based on a fenestrated plate result (Fig. 
55W-L). Wheels, however, l>egin as minute disks on which the spokes 
originate as scallops of the margin (Fig. 66A-C). Anchors sUrt as rods 
that fork at one end only. 


It 18 usually stated that the ossicles consist of pure calcium carbonate, 
but the author has failed to find any chemical analyses of them They 
dissolve completely in acidic media. In many Molpadonia ossicles may 
become coated «ith layers of a yellow, brown, or wine-red substance 
shown by MOrner (1902) to consist of iron phosphate. This may 
completely replace the original calcium carbonate of the ossicles 

6. The Calcareous ^ and the Retractor Muscles.-The beginning 

“ encircled by a ring of calcareous plates, 

V homologous, at least in part, 

with the Aristotle s lantern of echinoids. This ring is of importance as 

r "“rr ! Phery^, ner%-e ring, and water vessels, and as a point of 

insertion of the longitudinal muscle bands. In sise and shape the pieces 

•'P'o^hurians. They aie bound 

fhan S T ‘"^"^‘’*'‘1 ‘he latter are generally smaller 

th^rinir ^oTia ‘^an 10 plates in 

the ring, up to 18, through the interpolation of additional interradials 
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ill relation to the number of tentacles; such addition of interradial pieces 
may be limited to the dorsal side. On the other hand, the calcareous 
ring may be greatly reduced, as generally in the Ela.si[>oda, and this 
reduction may involve the disappoannu-c of the interradial plates: but 
at least the radial pieces arc always present. 



Flu. lt*onrludo<l). calrareous ring. stAgea in tlig U^vclopnkont of th« 

iioel of tlie B) n«|*lid Inrva ( 41 /frr n'oo'/fflud. IM?^ O. cnlcsrooiiH ring of TAgonr tr}ar«ua, 
two [noiTA of thg ralrnrcous ring of CacuHierfo /rondAM iu/ttr H. L. Cittrk. 1004). F. 
Tour pie<'ca of the cnlvureouA ring of //efofAir'ia Mrxirone. O. calcnrcous ring of ^roinfaRO 
Ololpndouiu) opened buil Rpreed out iafttr fUmit^r. 1001); note clifTvrence of middorsnl 
iiitrrrudiol front the others. //. two pieces of calcsreous ring of CAtVedofa {Ai>ods). J, 
two iiiec'CB of the eslourcuus ring of Le^M|roa;rfo (AjkmIs). {H. J. o/ter H. L. Ofo^^, 1907.) 
I, riic>tch<*liyme I'elU: 3. curl)' cli^li stage of wheel; 3, rsdial piece; 4, interrudial piece: &• 
(Iwtirfpd micl-ventrnl pici'e; fi. notch or hole for pssssge of rxkdisl water vessel; 7. enlarged 
niuidorsai interradial ]>icce. 

The pieces forming the calcareous ring are in general squarish or 
roctangular pi a tea whose anterior mai^ins are often drawn out into 
ptiinted or blunt projections, while the posterior margins of the radial 
pieces often Ijcar two tail-like projections that enclose the corresponding 
radial water canal between them (Figs. 56Z>, G, G2A). These Uils or 
the entire calcareous ring may be made up of numerous small pieces 
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(Fig. (52.4). The anterior end of the radial plates is notched or perforated 
witli a hole (Fig. bltD-J) for the passage of the radial water canal, and 
the inner surface of these plates liears a groove into which the main stems 
of the radial canals fit. The longitudinal muscle bands and pharynx 
retractors insert in depressions on the outer surface of the anterior part 
of the radial pieces (Fig. 01.1). The calcareous ring is not necessarily 
symmetrical; often, especially in detidrochiroles, the ventral pieces are 
smaller (Fig. 50/J) than the corresponding dorsal pieces and may differ 
from them in shape. Further, the shape of the pieces may exhibit 
bilaterality with right-left mirror imaging. 

The longitudinal muscle bands terminate anteriorly on the anterior 
part of the outer surfaces of the radial pieces of the calcareous ring; 
conseciuently contraction of these bands would lend to pull the buccal 
membrane and surrounding tentacles inward. However, in all Deridro- 
cliirota and in a few Molpadonia and Apoda, there is split off from each 
longitudinal band in the anterior part of the body a special retractor 
muscle (Fig. (17) that crosses the coelom and inserU on the corresponding 
radial plate of the calcareous ring, cither in common with the longitudinal 
band or behind it. When the longitudinal bands are paired, the retractors 
may also bo paired. These pharynx retractors act to pull the introvert 
and tentacular crown completely into the inlerior of the body, 

6. Nervous System. The neri’ous system consists of the main nerve 
ring, the radial nerves, and their branches. The nerve ring is a circular 
or somewhat pentagonal flattened tiaiid situated in the buccal membrane 
close to the bases of the tentacles and just anterior to or slightly within 
the calcareous ring (Fig. 57.1-C>. The nerve ring lies in the innermost 
part of the dermis of the buccal membrane and is more or less in conUct 
on Its nnier side with a circular coelomic cavity in this membrane, termed 
the peribuccal sinus. From its outer surface, the nerve ring gives off a 
strong ganglionated nerve into each tentocle and from its inner or both 
surfaces nerves arise that supply the buccal membrane and pharynx ' 
(Fig. 57B, C). At each radius, a radial neri-e issues from the nerve 
nng and passes outward through the notch or hole of the radial plate of 
the calcareous ring. The five radial nerves course along the ambulacra 
in the innermost fibe.-s of the dermis of the body wall, just external to the 
radial water I’ossel. To the outer side of the radial nerve lies a ca^’ity, 
the epineural canal or sinus, and to its inner side another cavity the 
hyponeural canal or sinus, separated by a thin partition from the under- • 
lying radial water vessel (Fig. blD). The epineural sinuses are con- 
nuoua anteriorly uith a circular sinus lodged in a furrow on the anterior 
f^e of the nen-e ring and giving off sinuses along the tentacular nerves. 

I he hyponeural sinuses end blindly anteriorly. 

The radial nerx-e is a somewhat flattened ganglionated cord divided 



Flu. £7. * ServoiiH ^v^ilein. <4. I<»nci(u<lin*l section thrriutli the uiiterior pud of 
Cueumi\f\<i. !»lK>wiuK Uu'ution of the nerve riuit. H. trAUsverse Ke<'Ui>ii Ihroush tUe teutoc'lp 
hiMcn, nliowins (he nerve riuit, f’ncHHtorM. <«4, B. o/frr Ht'mMard. ISK9.) nerve rinc 
<>f Koi^ts (Flu»i|uuJn) ta/7rr D^nittzMon anti Kar^n. IKK^}. O. aevtion lUrousU an nmbu- 
huTUin of Cautliivi. xUowuia rudial nerve. £. uenwry nerve (ell of Covdi/ui. with arcom* 
l>aiiyiiiB celU. (O. E. afltr (irrattlit. IKOfi.) 1. tentacle l>a»e: 2. Iiucrul nieuibranei 3 
uerve rins; 4. lenlarglar nerve; 5. radial nerve; 9, cut body wall: 7. ijerihgrral sinus: S. 
cpiucural sinus: 9. pharynx: 10. perlpharynneal sinus; 11. su^pensorsof pharynx: 12. piece* 
of calcareous ring: 13 , retrudor muscle: 14. radial canal of water- vascular system: 1 £. 
watovosuular canal of tentacle: 1C. eommunicaiion of peripharyngeal sinus with gronerni 
(oclom: 17. blood sinus of tentacle: 18. nerves to buccal membrane: 19. dermis of body wall; 
20. ectoneural part ofTadial nerver21. h>*poneural band of radial nerve: 22, hyponeural 
'in Us: 23. muriform coelomecytes: 24. circular muacle layer of body wall; 2£. longitudinal 
muscle hands; 26. coelomic lining; 27. sraall eo^omic eaoal; 28, sensory nerve cell; 20 
ordinary epidermal cdl; 30, gland cell; 31. eutirle; 32, water ring. 
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by a thin longitudinal partition into a thicker outer and a thinner inner 
part (Fig. .>7/)). The outer or ectoneural part together with the nerve 
ring with which it is continuous corresponds to the ectoneural nervous 
systeni of other echinoderms. The ectoneural band of the radial nerve 
gives off ganglionated ner\es (accompanied by a branch of the epineural 
sinus) into the locomotory and papillate podia and ramifies into a general 
plexus in the body wall that probably supplies the sense organs. At the 
posterior end the ectoneural band termiitates with the last podia. The 
inner or hyponeural band of the radial nerve is regarded as mainly or 
exclusively motor; it supplies the muscle fibers of the body wall and also 
participates in the general body- wall plexus. Anteriorly it dies away 
without reaching the main nerve ring and posteriorly it ceases before 
reaching the body end. It no doubt corresponds to the deeper oral or 
hypoueurul system of other echinoderms. The aboral system, so 
pronunent in crinoids, is completely wanting in holothurians. 

7. Sense Organs. -As already indicated, the dermis is permeated 
with a general nerve plexus originating from the radial nerves, and there 


is further evidence of an additional suliepidermal plexus running imme- 
diately Ijcncath the inner ends of the epidermal cells (Fig. 58A), best 
developed according lo Hamann (1884) at (he body ends. With these 
plexi are connected the ordinary neurosensory cells, presumably tango- 
or chemoreceptors, that are found throughout the epidermis but are 
especially numerous in the more sensitive body ends. They are long 
slender cells (Fig. 58C) with an enlargement containing the nucleus, 
proximal to which the cell narrows to a filament continuous with the 
general nerve plexus. More complicated sense organs are known chiefly 
in synaptids, where they appear to compensate for the lack of podia. 
The surface of synaptids is roughened or warty, and these €le^'ation8 are 
of glandulosensory nature, containing a sensory bud encircled by gland 
cells (Fig. 58Z)). These sensory buds are composed of neurosensory cells 
whose basal filaments converge to form a neiwe fiber that enters a 
ganglion of the dermal nerve plexus (Fig. 5SD). Such a ganglion under- 
lies each of the glandulosensory elevations of the synaptid Another 
type of sense organ occurs on the inner surface of the tentacle stalks of 
synaptids and other .^poda. A series of little elevations here (1 to 30 
per tentacle) are found on microscopic examination to contain a sensory 
pit ciliated at the bottom (Fig. 585, F). Cu^not (1948) surmises that 
these pits sen e to test the properties of the surrounding medium 

Slatocysls. presumably serving to orient the animal with respect 
to gravity occur in synaptids, elasipods, and molpadonians. In 
s^aptids, there is a pair of statocysts along each radial nerve short!}* 

loL Tn calcareous ring. Synaptid statocysts 

(Fig. 59B. O are hollow spheres of flattened nonciliated epitheliL, 
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onolosing I to 20 lithofytcs; these are vacuolated cells containing a 
refringcnt inorganic material. Each statocyst is supplied by a short 
ner\'e trunk fron» the adjacent radial nerve. The occuj rence of stato- 
cysta in the elasipod fanuly Elpidiidae was reported by Tht^el (1882) 
and Danielsson and Koren (1882). In the species investigated there are 
numerous statocysts (up to 100) disposed around the nerve ring at the 
beginnings of the radial nerves and along the two ventrolateral radial 
nerves- Five pairs of statocysts with numerotjs gramilcs located close 
to the nerve ring occur in ParacQudinn (Order Molpadonia, Yamanouchi 
1029a). 

The general body surface of holothuriaus is sensitive to light, but 
the receptors mediating this dcrmopHc sense h&ve. not been definitely 
identified- Oi^anixed photoreceptors occur in a few sjuiaptids (several 
species of Syuaptula. Euapia hppQ, and Ophv<xfe9oma glabra). The 
scanty information available about these photoreceptojs appears in the 
articles of Ludwig and Barthels (1891) and H. L. Clark (1898. 1907). 
They occur as a pair of pigmented eye-like structures at the base of each 
tentacle (Fig. 50/;), innervated by a strong branch from the tentacular 
nerve or directly from the adjacent nerve ring. These eves are imbedded 
in the mesenchyme, not situated at the surface. The nerve branch 
terminates in a swollen end composed of a group of transparent cells 
surrounded by pigment and covered over by altered vacuolated mesen- 
chyme also containing pigment (Fig. 59^). Pigment spots found 
between the tentacle bases of various other synaptids and originallv 
thought to be eyes have been shown to consist of clumps of colored 
roelomocytes. 


8. Coelom and Coelomocytes. -A sparious ooolon. is present between 
the body wall and the digestive tract, extending fi'y,,, the caloarous ring 
to the cloacal attachment. The coelom is but slightly subdi^•ided by the 
mesenteries of the digestive tract, mostly three in number, as these arc 
very incomplete and often permeated with holes. The arrangement of 
the mesenteries IS considered in connection with the digestii-e tract. 
The coelom is lined by a flat to cuboidal ciliated epithelium that also 
forms the outerm^t layer of the wall of the .ligesti^•e tract and clothes 
both surfaces of he mesenteries, which are double-walled, as typical of 
ooeloma e animals. The interior of the mesenteries consists of con- 
nective tissue and muscle fibers (Fig. 6 1C) 

The hyponeural sinuses tl^t accompany the nervous system and the 
na er-vascular canals are also of coelomic nature and are lined by 
c«lomic A portion of the main coelom is more or less cut 

off around the pharynx. Anteriorly the pharynx passes througli the 

ti nr X of connective 

tissue and muscle fibers, known as the phcry.:r auepeneora. These mai’ 
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he irregularly or regularly orrange*d. Posteriorly the pharynx passes 
through the main ring of the u*ater-vaseulur system, and the Hve radial 
canals ascend along the shies of the pharynx. Thus the coelom adjacent 
to the pharynx is soinesvhat enclosed hy all these structures associated 
with the pharynx, although at first communicating widely with the main 
coelom. But in many hololhiiriana these wide cotuinunicationK arc 
diminished Viy the growth of tissue l»c(weeii the ascending radial canals. 
'Die pharynx thus comes to Im» survounchHl hy another wall, with a 
coelom ic cavity, the ptriphartingifil niuuft, In'twism the tw<i walls (Fig. 
57-1); this sinus is crossed hy I he strands of the pharyngeal su sponsors 
U' 57. 1, iYili). The peri hu ecu I sinus in the huccal incmhrnne already 
mentioned lies just anterior to hut completely ch»sod oti from the peri* 
pliaryngeal sinus (Fig. r>7.l>. The atM^rluirs of communication hetween 
the peri))haryngeal sinus and the general ciK'lcun are of varying si^sc and 
Uxatlon (Figs. hi. I, 0*2.1, ti). \ emdomh* .dinjs may als<i .surround the 
cHo|>hag\is and stomach. .\ CiKdomie ring, the ttiuuis. completelv 

cut <itT from the general c<x4om, lies in the htsly wall around the auu.s; 
il is wanting in syuuptids. The coelom opens to the exterior hy a pore- 
ni*ur the anus in LaOidopInx bn/iki (Onler .^mkIu, hecher, lhl'2). Five 
stich pores, one at the Iwse of each of (he anal jrapillue, weix* reported for 
/*arfiniudina (Order Molpa<lonia‘ hy Kawamoto (11)27), fml later 
Kitao 01135) found that the imres are inconstant in numherand present 
only in older animals us a ^*Kult of rupture through thiu pluce.*^ in the 
ambulacra, 

The order Apwla is churncterizc'd hy (he possession of certain peculiar 
c oi '\ 0 tn ic o rga iw wan t i u g i it ot her h oloth u ri a ns . The l>cs I k now n of t h chi* 
are the ciitaivd urna arJuitucU that apparently art* pr<*sent in all members 
of the order. They vary much in nuinlx)r. also, and ltM*ation in different 
species hut arc usually found on the mesenteries near the attachment of 
the latter to the ImkI.v wall or on the wall near these attachments. In 
shape they resemhle a minute cornucopia or calla lily rather than an urn 
or funnel (I'ig. t>0/f). The^' are lined hy a tall ciliated epithelium and arc 
clothed externally with coclomic epithelium that also covei's the attach- 
ment stalk. In some .\poda a numlwr of urns may be mounted on 
mesenterial folds, forming what are called trees of urns (Fig. 60.4). The 
cavity of the urns is filled with clumps of coelom ocy tea and amorphous 
material. Following injection of carbon or carmine particles into the 
coelom of Apoda, tlic color can be seen through the thin body wall 
gradually aggregating along the lines of location of the urns, and Kisto- 
logical investigation of such injected specimens shows that the particles 
have accumulated in the urns (Fig. OOC), either directly or enclosed in 
ooelomoeytes (Schultz, 18<J5; H. L. Clark, 1899; Cudnot, 1902). The 
color later disappears as the loaded coelomocytes make their way into 
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Ha. SO. — S«ri$« organs (wnHudcd), ooelomic organa. A. aouMon of innor wall oi a 
tantaele of Cou<fia«, allowing aenaory boda {a/ter GfrawU. I896i, B, Mellon through the 
baginning of a radial n«rv« of Leptoaj napu, ahow.ng |Im two alalocyata (a/ter 
189 1 tt): one atatocyat ia cut through the i‘«nter, the other through the wall* note numerou.^ 
lithocytea. C. atatocyala of Syaapfu/u hgdrifermia. with tingle lithocyto. D horiaontal 
section through nerve ring and tentacle baae of 6>na^ vinparo. showlog location of eyes 

through an eye of Synaptula Ai«ir</or«ia. (C, S. 
efUr H. L. Cl<irk. 1907.) F. two contractile rosettea of Hkahdomjflfua G achematic sec- 
tion through a contractile rosette. <^, O. a/t«r BecMcr. 1907.) 1, aenaon* bud* 2 gland 

cell; 3. cuticle; 4. ordi^y epidermal cella; 5. derraia: 6. connective-tissue cells: 7. branch of 
tentacular nerve; 8. longitudinal mueele layer of tentacular wall: 9. coelomic lining o* 
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♦*!>e body wall. The maeses gathered by the urns may also fall into the 
coelom, contributing to waste clumps known as brown bodies. These 
observations indicate an excretory or athrocytic function of the urns. 
Another type of coelomic ot^an known for only a very few synaptids 
and best descnl>cd for Rhabdomolgu$ ndter by Bcchor (1907) is the 
puisa«i7e rosette. These arc little rounded projections of the coelomic! 
wall found near the calcareous ring. They are <*o\ered externally with 
peritoneum and an* composed internally of radiating columns of con- 
jiectlve tissue interspei's^ with muwle lil»ers (Fig. 50^, 0), These 
rosettes pulsate a few tiinw per minute. Finally (Humot (1948) has 
reported in two synaptids vibratiU clubs, minute eltihs with ciliated ends 
projecting into the coelom along the longitudinal muscle bands. No 
function has been sugg<*stcd for cither the rosettoa or the clubs. 

The coelom is filled with a fluid, the chemical na 101*0 of which is 
considciod under physiologj*. In this fluid flout a variety of free cells 
that will l>e called by the general name of coolomocytes, despite the fact 
that they also occur abundantly in the tissue's and in the water- vascular 
and haemal systems. Thesi* cells an* mentioned in almost every article 
about the morphology of holothuriuiis, but partieulur attention Ims been 
paid to them by Ilt^rouanl (I8H9). Hecher {11K)7). llaancn (19M), 
Tht^'cl (1921), KiiKlrc*<l (1921), Kawarm»to (l‘r27), and Ohuye (1934, 
1930). The tyjK*s of cells present scern to vary in form and number in 
different holothurians, but s<*verul kin<ls ap|M‘ar to be common throughout 
the class (Fig. <»0j- 

a. Ilrmoci/irH. These? ait* found ihnnigliout the class, especially in 
the haemal system, but also elsewhere, and are generally regarded as 
ct>rrexpMnding to the retl blood corpuscles of vertebrates. They are 
1*1 re n la r or oval flattened, generally biconvex, nucleated disks that are 
straw yellow singly, re<l en masse, and so numerous in some species as to 
lend A rod color to the haemal system, the coelomic contents, or the 
entire animal. They arc caimblc of movement and may put out one or 
move long thin pseuclnpodia, especially when removed from the body. 
They have been proved to contain haemoglobin by Howell (1885, 1880) 
and Van der Hyde (1922a) for Thjone, Hogl>en and Van der Lin gen 
(1928) for Cucumaria, and Kohayashi (1932) for Paracaudina chilensis 
and Molpadia roreleti. The haemc^lobiri is not identical with that of 
vertebrates and probably differs in different holothurians. Theie are 
150,000 hemocytes per cubic millimeter in the coelomic fluid of Para- 
eaudina (Okazaki and Koizumi, 1920). 

tci.l^ulur lgm«n: 10. II. 12. radial n«r^et 13. epineural tinun; 14. 

nuhul wui«r vc9*«l: 15. circular mu»cl«; 10. lon^tulinal muscle bands; 17. tentacle base' 
)«, eye; I ft, buccal nerve; 20. nerve to statoeyet; 21, sensory cells of eye: 22. moscftchymai 
cap of eye, con trad lie rosette; 24. eoelomk lining; 25. muscle fiben. of rosette; 26. 
pijiuieiit <'ell; . (*011 uuc live-tissue columns of rosette. 
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6. Phagocfjtes. — These are active amoeboid cells of varying appearance 
that phagocytUe degenerating tissues and cells. They are called various 
names in the literature, as cells with long pseudopods (H^rouard), 
hyaline amoeboid corpuscles (Ohuye), and bladder amoebocytes (Kin- 
dred). The name bladder amoebocyte refers to the petaloid pseudo pods 
(Fig. 60F) often put out by these cells, especially after removal from the 
body. 

c. Amoebocytes with Colorless Spherules^- -This type of coelom ocyte, 
a rounded or oval amoebocyte packed with colorless spherules » is wide- 
spread among holothurians and usually found in numbers wandering 
in the body wall. They are the cells designated by Hamann (1883. 
1884) as plasma wandering cells. According to CWnot (1891a), who 
calls them muri/orm (mulberry-like) cells, the spherules are of protein 
nature and hence represent food reserves. 

d. Amocbocijles with Colored Spherules.- These resemble the pic- 
ceding type in general appearance and l>ohavior. but the spherules arc 
colored yellow to brown and are generally believed to represent excretory 
material. 

e. Homogeneous Amoebocytes. — Amoeboid cells without definite inclu- 
sions arc reported by Hamann (1884) and Becher (1907). They may 
represent stages of some of the other types. 

/. Crystal Cells. —Small cells nearly filled with a crystal, mostly of 
rhomboidal shape, have been noticed by several authors (Thdel, Kawa- 
moto, Ohuye). 

g. Vesicular Amoeboeyfes.^CeWs nearly filled with a large vesicle 
arc listed by Th^el and Ohuye. 

h. Other Types. — I.^8s common forms recorded are spindle amoebo- 
cytes of elongated spindle shape (Fig. 00£) and minute corpuscles 
(Fig. GOf)), very small rounded cells; the latter may be free peritoneal 
cells. 

Some examples may be cited of the combinations found in different 
holothurians. In the synaptid Phabdomolgus rulter Becher (1907) 
reported hemocytes, phagocytes, homogeneous amoebocytes, amoebo- 
cytes with colored spherules, and giant wander cells containing large 
inclusions that he believed to represent phagocytes enlarged with ingested 
material- Mesothuria (Aspidochirota) is provided with hemoevtes, 
amoebocytes with colorless spherules. hom<^neous amoebocytes, and 
vesicular amoebocytes (Haanen, 1914). Very complete studies were 
made on the Molpadonia by Kawamoto (1927). who studied Parocaudina, 
and Ohuye (1936), who studied Molpodia. In the former were found 
hemocytes, amoebocytes with colorless spherules, those with colored 
spherules, and crystal and minute cells; in addition to these five kinds. 
.)folpadia also posse.sses phagocytes, vesicular amoebocytes, and spindle 
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Ku.. «>. ('uclmuiu oritJiM* (i uiivludwh, vodoinoo) lea. A. t«e of urns of ChiruItHa. 
B, urhj. of A no pin. (A. B. a/Ut .Srmprr. IWI8.) <\ syiiapMd urna After I hied ion ofcftrlwn 
la/trr Cuin'H. 1W«). D. voelonineyleB of P«r«ca«»/f*« (ofltr KaicQmoto. 1927), B. add* 
itiontil iyi>eH found in MMpiUlia (o/Ur Ohkje. IfW). F. pdaloid stage of pHugocylo of 
Curuffuifiti iaflrr Kindtrtt. 1024). 0*. ooelonuicytes of Rkabdn7r\M9nM {ajur B>xhcr. 1907). 
//. auif)cf>o«'yte wilfi apherulea of /Weffcaria. J. honiogeneoua aftioei)t>t;ytc of 

ruiHmnna. {H. J. n/Ur I/nm^nn. I»i4.) 1, hemocytes; 2. Aniocbocyles wilh colorlcaa 

apKurulcH; a, • tyalal rella; 4, aiiMwIaK-yte with .•oU.red splierulea; 5, inhtute corpuscle; 0 
VPHM ulnr ninoolaM j te; 7, phagocylea; R, spincite a«i>ocl>ocyte»; 9, homogeneous amoebocyio: 
10, gtunt phagocyte. 
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amoebocytes. It is, of course > always possible that some of the de« 
scribed types of coelomocytes represent phases or stages of others. 

Coelomocytes appear to originate from mesenchyme cells in the main 
channels of the haemal system and not in the polian vesicles as supposed 
by Cu^uot (1891b). 

In the coelom of holothurians are often found small chimps known as 
6rou>n bodies, free or attached by strands. These may consist exclusivel}' 
of amoebocytes with colored spherules (Ilecher, 1907); parasites, espe* 
cially gregarines, and other ejecta are often included. 

9. Water •vascular System.- -This system is built on the same pen- 
tamerous l adial plan as in other echinoderms^ The center of the system 
is the water ring or ring canal, a usually conspicuous tube that encircles 
the proximal part of the pharynx, more or loss posterior to the calcareous 
ring (Fig. 03.4). The ring canal is lined by a ciliated epithelium, under- 
lain by a layer of circular muscle fibei‘3 (Fig. 61/^); this is followed by 
connective tissue, often containing coelomocytes and sometimes cal- 
careous ossicles, and finally the ring is covered externally by peritoneum, 
(The ring canal bears two kinds of appendages, the ponton vesicles and the 
stone canals.) polian vesicle is a rounded, ovoid, or elongated sac 
hanging from the ring canal into the coelom and opening into the ring 
canal by a narrowed neck (Figs. 61 A, 02.4, B). It varies in size from a 
small appendage to a long tube that may reach half or more of the body 
length."^ Ontogcnetically the polian vesicle is single and dependent from 
the ventral or left-ventral side of the ring canal, and this condition 
persists throughout life in many species; but often the number augments 
during growth- Two or three up to ten or twelve polian vesicles aie 
common among the Dendrochirota and Aspidochirota, whereas the 
Molpadonia and Elasipoda usually retain the single condition. The 
greatest tendency to multiplication of polian vesicles is seen among the 
A pod a. where most species have several vesicles and a few up to fifty or 
more. When numerous, the vesicles may continue to be borne oi\ 
the ventral or left side of the water ring or may spread around the ring. 
Sometimes several vesicles attach to the ring by a single neck, thus 
presenting a branched appearance. The wall of the vesicle is histo- 
logically similar to the wall of the water ring but thinner (Fig. 61(7); 
ofteit the interior contains coelomocytes. The vesicles appear to function 
as expansion chaml>er8 for the water- vascular system. 

.\ stone canal is a tube with calcified wall that springs from the ring 
canal and termina^ in a madreporic plate or swelling pej f orated with 
holes and canals. (Jn holothurians there is typically a single stone canal 
that arises from the dorsal surface of the water ring, pursues a more or 
less sinuous course supported by the dorsal mesentery, and terminates in 
a madreporic swelling of varied shape^Ontogenetically the stone canal 
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Flu. 01, U'uur-viiM ular *»!•»». A. a<|uapliar> iikc:.I I.uIU of Cucuwtiria from y 
diHHOotmn /f. part of :i section llirouxli tlie (uiuapharMutcul bulb of Cucuman'Q (a/Ur 
ftirouara. IHH,)), { , 54^ (100 lUruucIi the stone vacijil of CaHJiitn (a/ter (Jerauld J$97) h 

settlor) lliroualt the rinK^ranal wall of Slichaput (after .SifickU and Dcmaniau 1928)' E 
mndix‘|iofi<. »K»I> of ,XfreMhuna {after Haanrn. 19241 . F. madreporlc bodv of Cucumarin 
toriKiiial). <J. iioctiuu lUrouch fhe wall of a polian t'eeirle (after Jrturdan. 1883) 1 ten. 

ta< ulur ampu loei 2. retractor mti«'le»ol pharynx, cut acfow: 3, calcareous ring; 4. radial 
caiYuls Bsccudiiig aquaj^haryngeal bulb; 6, communication of peripharyngeal sinus with 
coelom: 0. ring catiBl; ?. atone canal; 8, madrepork body; 9, poUan vwlcle; lO dorsal 
mesentery. 11, gonoiluct: 19, gonad: 13, atomach; M. intestine; 15, eoelomic epithelium: 16 
longitudinal muwle fibers of radial canal; 17, cavities of peripharyngeal sinus; 18. pbarynr 
euspensors. 19. linmg epithelium of pharynx; 20. Wood sinus; 21, coelomocvtoa : 22. con. 
neotjve tissue; 23, epithelmm of atone canal; 24. lining epithelium: 25, muscle layer. 












long tails or calearspg, ring. nurnercHis »m«ll ^ 'wu Jw. fi>e stono canal 

bulb of a nynaptid with numerous pc^n v«irl^> *in.U ^?5' »quapharyngef 

o/rcr 5r/rn*o. ISGT.) C. sgrfwo .nsd^o^n ^*r“‘ ^ 

18S2). O. branching stone ctatT^wUh 7 a^ "“mbe^f poros [o/u 

(ofitr /, .l/i/Uer. 18543. B. seecion of ! *"»df«PK^ric bodies, synapti' 

Waanen, 1914). 1. radial canals exit in* Vesn^Auno (fl/fr 

calcareous ring: 4. radial canals along* aqua pharyn^'^t hTfk muscle (cut):^ 
dor^l .nesei.ter>.: ft. tniU of radial pfc-c? .4 o®* ( 

K • •'sic'.irTVni- nna: 9. cnmtnunirMion of pen 
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opens on the middorsal surface by a hydropore, but in the adult con- 
nection with the surface by one or several to many pores or canals is 
ret ained on ly i n a few holothu ria ns, chiefly Elasipod a (Fig . 62 C ) . T su ally 
in adult holothu ria ii». connect ion with the .snrfme is lo.?t: the madreporh 
swelling may rotnaiii attached to the Inner side of the bmly wall; m<jrc 
commonly, it Uiscs contact wiih this wall; un<l often, especially in the 
Aspidochiruta, support by the domd mi‘»4*ntery is also lost, so that atone 
canal and madrepore hung fn*cly into the coelom, l.ike the* pollan 
vesicle the stone canal is .subject to nmltiplication, A .single canal Is the 
rule a in on E the Molpadonia and KlusipiMla, but in the oilier onlcrs llicre 
are usually several to many canals tFiR. tU/f), espcMially am (.he the 
Ocndrochirota and Apmla. In some synaptids the single stone l•allul 
gives off a few to many branches, each with a mad repo ric tormina lion 
(Fig. i'i'l/}). in case of several stone canals these tend to arise from the 
dorsal or right side of the water ring, thus opp<toite to the polian vesicles, 
but when sufficiently numerous may have any relation to the water ring. 
Of course, also, they ai'c not relaUnl to the dorsal inesciitcry and hung 
into the cot'lom. Stone canals are usually short, but in some holo- 
thuriuns tlie single eunul attains considerable length, up to 10 cm. or 
more. The canal is lined by a cilia Uni epithelium, very tall on the 8id<* 
away Ivuin the rnescnteriul attach incut; this is folio wo<] by a coimective- 
(issue layer ]>ackcd with os.*<icle.s, and externally the canal is clothed 
with the ciK'lomic epithelium continuous with that of the meHi*ntery 
(Fig. OU’). 

The in ad repo ric terini nation of each stone can I consists of canals anrl 
pores through the surface near the goiiopore in a few holothurians, 
as already noted, and iu such cas<'s the water- vascular system is in 
connection with the siiritninding sea water. In most holothnriuns, 
however, the madrepovie termination forms a definite body of rounded 
to elongated form that lies in the coelom, so that (he water- vascular 
system no longer communicates with the exterior. The madreporic 
body (Fig. 0l£, 02^} U permeated with ciliated poies and canals that 
open into the stone canal, either directly or by way of a central chamber. 
Not infre<iuently the madreporic surface shows a winding band, actually 
a ciliated groove with points along its bottom (Fig. 5lFj. bike the stone 
canal, the madreporic body is stiffened by o.ssieles. It is entered laterally 
by the stone canal. 

From the ring canal the five large conspicuous main slcms of the 
radial canals asc^end anteriorly along the pharynx complex (except in 


pbftrynKC^ul ninus with general '’oeluiiii 10 . water ring; ll. pdian vesicles: 12 , stone oanuls; 
13, iMS(Jrop'>rie bodies; 14, genital IS, raneU to exlernal pore^ of madrcporltc: Ki. 

rut body wall; 17, stone canal; I A. lentM'lea (eonlrarted); 19, mouth : 20, stomach: 21. 
poripharyiiKcul sinus; 22, pharynx »w>|>ensorH: 23. pores of mternol iii:tHre|»orlc body; 24. 
jdiiiry M\. 
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the Apod a). As already noted, the pharynx is more or less enclosed 
by an iii complete outer wall to which it is attached by suspensor strands 
crossing the coelomic apace between the two walls (Fig. 02B). The 
asrciiding radial canals form part of this outer wall (Fig. GM) and 
between them are seen the openings by which the enclosed coelomic space 
coinmnnicales with the general coelom. The calcareous ring is also 
imbedded in the outer wall (Figs. Gl.l, C2.4). The whole complex is 
called agnaphari/ngcal 5 m/ 6 in the older literature, and although the name 
seems to have pas-W somewhat out of usage, it rental ns convenient. 
The radial canals pass to the inner side of the radial pieces of the cal- 
careous ring and there give off a branch into each tentacle (Fig. 63/1). 
The radial canals, now greatly diminished in diameter, then proceed 
through the notch or hole in the corresponding radial pieces of the cal- 
careous ring and nin l>ackward along the inner surface of the ambulacra. 
In the Apoda the canals for the tentacles spring directly from the ring 
canal, and there arc no radial canals in the body wall. In this order, 
then, the entire water-vamdar system consists of the ring canal with 
its appendages ami the tentacular canals; this condition, of couree, is 
correlated with the entire alwence of podia (except the tentacles) in the 
Apoda. In histological construction the radial canals along the pharynx 
arc similar to the ring canal, except that the muscle fibers arc longitudinal, 
at least in part (Fig. 61//). 

The tentacles, as already indicated, are actually podia of the water- 
x'ascular system and as such are more properly termed buccal podia. 
Their external features were already described. They are hollow 
extensions of the body wall and their lumina or tentacular canals are of 
course water-vaiM'ular canals. At the point of exit of each tentacular 
canal from the radial canal there is found a valve that retards backflow 
from the tentacles. The tentacular canals are usually provided with 
ampullaf. This is a short to long blind appendage arising from each 
tentacular canal as the latter clears the anterior margin of the calcareous 
ring and projecting backward. When small, as in the Apoda, the 
tentacular ampullae are more or less attached to the outer surface of the 
calcareous nng. In the Molpadonia and Aspidochirota, especially in 
the latter, the tentacular ampullae are long and narrow and hang freely 
into the coelom as a circle of long sacs around the aquapharyngeal bulb 
(Fig. 63.4, 64B). Tentacular ampullae are lacking in the Elasipoda 
and poorly developed, if at all present, in the Dendrochirota 

The tenUcular wall, especially that of the stalk, resembles the body 
wall histologically but differs in that the muscle fibere are always longi- 
tudinal (Fig. 63i>) ; further, the tentacuUr ner\'e forms a broad band in 
the inner tentacular wall (side facing the mouth) between the muscle 
layer and the dermis. In RhMomolgu^ there is a complete ring of 
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norvous iiss<iu* in tho teiitarle (Fij?. The finer twigs of branching 

loitnclos <lllYt‘r somewhat hist rally from the tentacle base, having a 
very tall epidermis and thin dermal and m«s<*ular layers (Fig- 63 B). A 
branch from the tentacular nerve proceeds into each end twig or lobe of 
the tcnla<'le> in the Dendro- and Aspidochirota and terminates at the 
lip in a sensory plate (Fig. (>5/^). Gland and neur<«)ensory cells of the 
tentacular epidermis and special tentacular sense organs in the Apoda 
wore a i IX* July tlescrilxKl. 

I laving given otT the tentacular canals, the much ivduci^l radial canals 
clear the anterior edge of the calcareous ring and run in the inner part of 
(he body wall along the ambulacra, between the radial nerve and the 
longitudinal nuisrio band (Fig. 37/^). The radial water canals are lined 
by c(x*lnmic epithelium and surrounded hy mesenchyme in which are 
^bedded hmgilndinal muscle fil>crs on the side toward the radial nerve. 
'Die radial water canals give off to each side lateral branches or podia/ 
rnriah Xu supply (he podia.^ When the iXMlin are irregularly arranged or 
spread into th<i, intorradii. the podial canals to them vary in length 
accordingly. (There is usually a valve present along the podial canal.^ 
.\fter a longer or shorter course the po<iiAl canal makes u right-angled 
fork into one brunch going into the podium and the other into the ampulla 
of the pwlium (Fig. tMhl), a rounded or elongated sac that typically 
projecU into the coelom in a position corresponding to the position of 
the podium on the external hcxly surface (Fig. 64.1). I'sually each 
podial canal supplies a single p(»ditiin and its ampulla, hut some cases 
are k^iown in which the canal branches to several podia and ampullae, 

rrhe locoinotory podia or pedicels are tubular projections of the body 
wall with or without a terminal sucking expansion or disk^ Locomotory 
podia with terminal disks are found very generally tnroughout the 
Dendro- and Aspidochirota on the creeping sole or on the radii of the 
trivium. Among the Elasipoda the locomotory podia often lack definite 
terminal disks. As just noted, the lumen of each locomotory podium 
IS typically continuous through the body wall with the lumen of the 
corresponding ampulla that projects as a sac into the coelom (Fig. 06.4). 

In the Elasipoda the ampullae take the form of single or branched 
flattened cavities concealed in the body wall to the outer side of the 
circular musculature. 

The wall of the locomotory podia is similar hist clerically to the body 
wall except that the muscle la>'er, next to the coelomic liniiig of the 
lumen, is longitudinal in direction. Each podium is supplied by a 
podial nerve that springs wholly from the ectoneural band of the radial 
nerx'e and U more or less accompanied by a branch of the epineural sinus. 
The podial nerve runs distally along one side of the podium, external to 
the muscle la3^r, and spreads out as a nerx'ous lax'er beneath the tall 
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cpidertnis of tho tip (Fig. 66.4, D). The histology and nen'ous relations 
arc prac ti rally the same for loc^otory podia with (Fig. 65D) and with- 
out (Fig. 6G(’) terminal disks- (There is usual ly> but not always, present 
in the terminal disk an ossicle in the form of a perforated plate, called 
the end p/oh-^imt end ossicles may also occur in locomotory podia without 
disks. In Imth typers the wall usually contains ossicles (hat differ ^om 
those of the bcMly wall, l>eing generally more or less rod-like. (The 
ampullae are both lined and clothed with coelomic epitholiun^and have a 
layer of muscle Hbors. mostly longitudinal, next to the coelomic lining 
(Fig. 60. t). 

As already stated, all the papillae, warts, and other non locomotory 
protrusions of the body wall are homologous with podia, hence hei'e called 
papillate podia. Each receives a water canal from the nearest radial 
canal and is also provided with an inconspicuous ampulla. In the large 
aspidochirotos such as .\dinopyg<i and Ifdothuria. the papillate podia of 
the dorsal surface consist of slightly contractile warts bearing a highly 
contractile filament thot can be entirely withdrawn into the wart (Fig. 
r>5£). The various rims, fringes, and collars are composed of fused 
papillate podia, as shown by the fact that each component receives a 
water canal from the adjacent radial water canal (Fig. C)6£), 

At the posterior body end the radial canals terminate as the I u min a 
of the last podiu that may or may not l>eaitereil to anal papillae encircling 
the anus. These anal papillae are the only podia present in the Molpa- 
donia (except the tentacles) and here also contain the ends of the radial 
canals as their lumina. 

10. Digestive System.- -The mouth is a circular or slightly oval 
aperture situated in the center of the buccal membrane that is bordered 
by the circlet of tcfitacles. This whole complex represents the morpho- 
logical anterior end but is often curved dorsally or ventrally as already 
described. The mouth is encircled by a sphincter muscle, sometimes 
enclosed in a lip-like ridge. The mouth leads into the pharynx that 
occupies the center of the aquapharyngeal bulb (being supported by the 
suspensors) and that passes 'through the calcareous and water rings. 
Upon emergence from the water ring the digestive tract may take the 
form of a short slender esophagus, but often this is not e^ddcnt- There 
follows the stomach, obvious as an enlai^ed muscular legion of limited 
length in some forms as Thyone (Fig. 67) and synaptids (Fig. G8.4) but 
not definitely demarcated in many cases. A slight constriction usually 
marks the passage of the stomach into the intestine. The intestiije of 
holothurians is typically ^'ery long, two or three to several times the 
body length, and consequently is looped within the coelom (Figs. 67, 
68A, 72B, 73, 74, 75). The looping shows a definite arrangement, 
corresponding to that of crinoids. The intestine first descends toward 
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the poHlenor piul iilotiR (he tniddorsal region, then iKMids and ascends 
anteriorly along (tie left Ride to nearly the level of the aijuapharytigeal 
hulb. It then turns again and des.-eiids along the mid-ventral region 
directly Imektvard to the anus. As this last descending part differs 
runclionally from the rest of the iiitesliiie, Ix-iiig usually found distended 
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with ingostotl ma tonal, it may l»c railed lai^o intestine (sometimes 
rectum), while the piecediujt part may he called small intestine. In 
thos(‘ groups that are provided with respiratory trees, these open into 
the terminal part of the la rise intestine which is thereby expanded, 
forming a mostly short region usually* ealled eloaea. The cloaca is 
attached to the surrounding body wall by radiating strands, the chacal 
.suspensors, composed of connective tissue and muscle fibers (Figs. 67, 
73, 74). Wheix viewed t/oi\\ in front, the intestine spirals in a clockwise 
direction. In the Molpadonia the cloaca continues through the taiU 
like posterior region to its lip (Fig. AOB). diminishing in diameter. The 
intestine is mu<4i shortened in the .\poda in correlation with their venrih 
form shapi*; in this group the j»toinaoh is usually well set ofT, but the 
intestine makes only a slight forward l)cnd (Fig. 68. t ), or in some species 
takes un almost straight course to the anus. In some elasipods the 
cloaca give.H off a blind sac or caecum extending forward on the left 
side, sonietiines to the middle of the body (Thdel, 1882), possibly repre* 
Hcnting an aborted i'csjurnlory tree. 

The digestive tract is supported by a mesentery, sometimes con- 
tinuous, mostly subdivided into three portions. The first part or dorsal 
mesentery attaches the anterior part of the digestive tract (esophagus, 
.stomach, and u variable length of desmtding small intestine) to the 
middor.sal in ter rad it is. namely. CD. The d 01 * 80 1 mesentery also supports 
the gomxlucl and the stone canal when single. The second part or le/i 
mesentery is attached to the IkxIv wall in the left dorsal interradins, DE, 
and supports the ascemliiig part of the small intestine; while the largo 
intestine is supported by the third mesenterial division or central mesen- 
tery, springing from the ventral body wall mostly in interradius AH 
(Fig. (\SB). The extents and attachments of the mesenterial “ections are 
subject to some variation. 

Histologically the digestive tract consists in general of rt\e layers: I 
the lining epithelium, the inner layer of connective tissue, the muscular 
layer, usually of both circular and longitudinal fibers, the outer layer of 
connective tissue, often very thin or even wanting, and the covering 
ciliated peritoneum. The inner wall of the pharynx and stomach is 
thrown into letxgthwise folds. The pharynx is always lined by cuticle 
and the stomach usually so; and often cuticle extends into the intestine 
for a variable distance, even throughout its length. The lining epi- 
thelium of the digestive tract is sometimes ciliated, at least in part. ' 
It usually consists of tall epithelial cells that are generally interspersed 
vNith gland cells, often heavily so in the pharynx ai\d stomach, although 
either may lack them- The lining epithelium of the digestive tract 
usually diminishes in height along the intestine and here is often devoid 
of gland cells, although these may be scantily present. The inner 
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connective-tissue layer to the outer side of the lining epithelium is 
usually well developed and sometimes very thick, (Fig. 60.4, B) but is 
watUing in the pharynx and stomach of Cucumarw where the very tall 
epithelium it*sts directly on the muscle layer (Figs, OSr. D. OOf’). The 
muscle layer is usually well or strongly developed (Fig. 00. H, consisting 
iypi<*:dly of inner longitudinal and outer circular Hl>ers. Ciouoraily the 
autenor part of the pharynx U provided with circular lihenj only (Fig. 

and the longitudinal fil>ers l»egin more posteriorly, lying to the 
inner side of the circular ril>ei‘S (Fig. 118 />i. These directional lelatious 
of the muscle layers persist through the digestive tract in many cases, 
hut in most AspidochircUa and Apo<la they reverse in the stomach or at 
the hoginning of the small intestine, with the circular fibers to the inner 
side of the longitudinal lil)ers throughout the remainder of the digestive 
tract (Fig. 70.1, B). The normal arrangement may l>e resumed in the 
cloaca (Fig. 701)) where the circular layer forms a sphincter at the anus 
continuous with the circular layer of the body wall. The place of 
reversal of the muscle layers Is l)eUevtHl to constitute a weak region at 
which the digestive tract constricts off in the pnK'css of evisceration 
common in holotiuirians. The outer connective-tissue layer is often 
extremely scanty and scarcely demonstrable. The outer surface of the 
digestive tract is formed, as in ccxdomatr animals in general, of peri- 
toneum. Coelomoeyles are common in the wall of the digestive tract, 
and conspicuous blood lacunae may lx* present. 

11. Respiratory Trees.* In the orders Deudrochirota, .Vspidochirota, 
and Molpadouia iheie spring from the anterior part of the cloaca near 
the entrance of the large intestine, separately or by way of a short 
common stem, two arborescent lulws, right and loft, that ascend anteri- 
orly in the coelom, often up to the aquapharyngeal bulb. These branch- 
itig tubes are known as rfipiratori/ trees since they constittitc the main 
I'espiratojy mechanism of the larger and thick- walled holothurians, 
They occupy the available space between the intestinal loops and are 
fastened to the body wall or to the viscera by irregular strands. They 
may be of equal or unequal wse. The left tree appears more or less 
intermingled with the lacunar network attached to (ho ascending part of 
the small intestine (Fig. 73). The numerous branches of the trees 
terminate in small, rounded, thin- walled vesicles. The histology of the 
respiratory trees is similar to that of the digesti\e tract, of which the 
trees are in fact evaginations. The main stem and branches arc lined 
by a flat to columnar epithelium, followed by a connective-tissue layer, 
a muscular stratum of two directions of fibers, an outer connective- 
tissue layer, and a peritoneal covering (Fig. 7!^). The wall of the 
terminal vesicles is very thin and consists of scarcely more than two 
flattened epithelia (Fig. 71 C). The respiratory trees are permeated 
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with coelom ocyt PS, especially the type with colored spherules, and with 
groups of granules of excroton* nature. 

12. The Tubules of Cuvier.- In some species of the aspidwhirole 
genera llohthtiria and Actinopt/t/ti (= MulUriat ihnv are hniiid allaehcd 
to the coiuiium stem of the ivsihratory iive.s ttr to t lie l»aM‘s of the trees, 
especially the loft one. a mimlM*r of \N)iilo. jhiik. or ml liihnlos nanicd 
after (\ivier, their disrovorer. In Uoivftiuriit the lufnilo.s spring .sepa- 
rately from the tiw 71/), /w and may Ik* few in nunilK*r (jr so 

numerous as to give the im|»ression of tufis; wljco'eas In A-dtiopiif/ii the 
tiilniles hraneh from one or iiu»re eonmion -tein.< il'ig. 71 /'i. The 
manner of employment of the tnhnies has U'en freipieully <>f>s(n'\ed in 
rommon ('hanncl atiii Mi‘tlili‘rraiienii ni nolu/ltunu {iii/jra, 

(or^ihult. htlli/ii. \Vheii irritatnl the animal enrves ils anal end toward 
(he irrilaling ol)jc‘e|. uiulergm*s a genera) roiilraetion, ami )s«gins 1 o emit 
the eiivierian liihnies I'loin ilie amis, htiml eiul.s (list. Tliese hliml ends, 
often swolUai, duct alsail in all dinsuimis, ami the tiihtile.s raphlly <*longate 
into intensely .stieky slender llm*:id> (Fig. 7*2.1, Mimhiii, 1K1I2: Itusso, 
IKOtl; Mine<, UM2). 'I'lie longxth'ky lh(‘(*a(is wrap :i('oun<l (he utreiMlIiig 
ohjeet, whieh in natui**' would Ih* an animal i»f soin<*>(/<* as a h^hster, und 
render it iiieapnhle of movemeiil. 'I'lie ihiends break from their altjich- 
(nent ami uie left iM'hind as the holotlnirian eruw'lsawuy. VVfnm nuoier- 
ons luhules aiH' p(vs<>iit, only part of them an* emitted at mm time, and 
the luunher may suifiee for.s»*\eral n'sjjoiws. The tubules n\v readily 
(I'geiit Tal< il. lte(leetio(j on the amiloinv of the jmrts euiieerne<l will 
slum' that the tubules ean emerge only Ihrcnigh a ru|>tu(‘o in the eloaeal 
wall. u(i<i sui'h rupture does in fuel mrur, proliably at a i)r<‘f mined weak 
spot. The ineehaiiisin of elongation of the tuhtiles is uiieerlain, hut the 
lh<*oiy of Mines (it)l2i that water is forec^l into the lumina of the luhules 
hy body emit rael ion :ip|M*ars plausible. Mine's IuussIhuyii that I nice I Ion 
of the huniua w it li water t»y means of a hy|HHlermie nmlle causes normal 
elongation ami that isolatMl tnlml<*s do nol exhibit the typieui liohavior. 
Probably, however, the arrangemcul of the miwculatuix* of the tubule 
wall (sec below i plays souie role in Ihe Miavior, conferring great elasticity 
on the tubules. 


The foregoing aceouni of the liehavior of the tubules is not, however, 
npplieahio to all species that possess cuvierian tubules. In Act inop i/ga 
(uja.fHui, olwervtHl by the author In the Bahamas, the enlhe tuft of pink 
lulmlop is emutod from the anus on proper stimulation but shows no 
move 1 1 amt, elongation, or stickiness. In this species, however, the 
tufniles arc highly toxie to lish and other animals (Ats, 1932; Xigrclli, 
19?)2) and thus accomplish the function of defense in another way. The 
matter of toxicity of holothurians Is discussed later under ecology. 

The histological construction of the cuvierian tubules has been 
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studied by a number of invest i 5 :ators {Hamann, 1883; Jourdan, 1883; 
llOrouard, 1880; Ludwig and Barlheb, 1802; Barthels, 1806, 1902; and 
Husko, 1800), but no asreoincnl has l»oon reaoh<Hl on tljc essential point, 
the structure of the outer layer that furnishes the sticky secretion. 
The autlior's preparations of the cuviorian luhules of Aclinopyga 
ogasshi agree with the firuUns^ of llamaun. Tluue Is a very narrow 
lumen in each tubule linwl by a low epithelium, outside of which is found 
a layer of aland cells (illed with eosinopliilous granules (Fig. 71^). 
There follows a connect I ve-t issue stratum and then n wide area con- 
t ain i n g m use I c f i Iw* rs , in to rspc rsed with roi i n ec 1 1 v<* t i ssuo . In A cHn opyga 
the inner fibers lake a circular course and the outer ones are longitudinal, 
l)Ut the reverse set' ms to Iw the ease in some other species investigated. 
There is general agrt'oment that the lilnTs interlace to form a lattice and 
further that the longitudinal fibers spiral, thus jicrmitting elongation. ^ 
The outermost layer of the tubules, presumably alteml coelomic epi- 
thelium and more or less thrown into folds according to the species, is 
histologically difruull to interpret. The most consistent findings 
indicate large, sharply demarcated units. covertKl externally by a thin, 
mucloated nicmhranc, wlnB<e nuclei possibly Iwlong to the laj^c units. 
The latter contain either a meshwork or pale, poorly staining spherules, 
and as these two states do not coexist, the meshes presumably result 
from the discharge of the sphenilcs. Ouisl.iln (19.>3> studied the cuvier- 
ian tubules chemically and determlne<l the presence of mucus and 
polysaccharides but could not elucidate the nature of the spherules of 
the surface layer. They were resistant to a variety of solvents and tests 
and scorn to consixt of some highly inert substance. 

13. Haemal or Blood Lacunar System. — This system is well developed 
in holothurians, reaching its greatest complication in large aspidochirotes 
(Fig. 73.1). The main i>avis are a haemal ring around the pharynx 
giving off branches that accompany the water canals, and two mam 
lacunae or sinuses along the digestive lulu?. In the larger asp id ochi rotes 
such as Uolothuria (Fig. 73.1), the details of the system are as follows. 

A conspicuous channel, the mWrof or antimescntcrial sinus, accompanies 
that side of the digestive tract that is not suspended by llie dorsal 
mesentery. It contimics along the entire length of the small intestine 
and also extends along the large intestine to a greater or less extent, 
finally dying away; it also diminishes in the anterior direction, toward 
the pharynx. Throughout its course the ventral sinus is connected to 
the intestinal wall by numerous branche.s. At about the middle of ila 
course along the descending intestine, the ventral simis gives off a 
transverse connection to the part of itself that runs along the ascending 
intestine (Fig, 73*4). A still more conspicuous dorsof or mescfikrial sinus 
runs along the side of the intestine that is attached by the dorsal mesen* 
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tcry, and this also commumcalcs with the intestinal wall by numerous 
branches. Before reaching the posterior end of the deseemling small 
intestine, the main part of the dorsal siniis crosses over and ascends along 
the aseeudiuR small intc*stine. leaving a smaller part or several branches 
to supply the rest oi the deseotuliiig intestine as well as t lie turn of the 
intestine and tbc beginiung part of the aswnding small iiifesliue. The 
dorsal sinus is eouneciwl to the asceiidinR small intestine !>>' way of 
numerous tufts of lacunae, bwining what is called a nk miraiik (»r 
wondrous IjIockI network, Ih'twi'eii these tufis of the laeuimr network 
and the wall of the oscending !nte>iine Ls found a eMctifig ves.sel tlial 
conneets the lacunar tufts witli the a^cenrling inlcsline by numerous 
braiiclies (I'ii:. 75/1;. TIun colliH-ting vc»el is continuous with tin 


main sinus at both ends either iliivctly or by wa.\ of small siinisi's. 

'I’he lacunar Hifts <d the rele mil al ale aiv elosi*ly entangled with tlie 
tcnnihul tufts of the left re>i5irator.v tree. 

Anteriorly both dorsil and ventral sinux's <limini,di toward Ibe 
phurynx mnl may or may not oinm Into llie baeinal ring that encircles 
the r<*ar end of the idiarynx direi tly lK*hind and clowly a))|ilie<l to the 
water ring. The gonad is siipplicil by si binneb from ibe dorsal sinus or 
directly from Ibe haemal ring, Kroin the bacnial ring live radial sinuses 
ascend the aipia pharyngeal bulb in eoinpaiiv willi the radial water canals 
and after giving otT bramdies into the tentacles, accompany the latter 
along the inner side of the Insly wall, lying Unween the bypoin^iiral 
sinus and Ibe radial water canals. TIicm; radial liamnul sinu.ses give otf 


t>ranches into the pinlia. 

[n Slirhopiis tSivickis and Domantay. another large uspido* 

i liirole, the arrangement of llie haemal system is similar but di Iters in 
details Uug. 74k The transverse eonnisUion of the ventral sinus is the 
largest part of this vessel. The dorsal sinus runs some distance away 
fr<Mn the di'scending intestine (o whicli it is conncTt<d by a complicated 
network ol sinuses; lacunar tufts similar to tlnix* of HoluHntria occur 
along the amending inlesliiic and are llicrc intermingled nith the left 
respiratory \nw 

Tin* haemal sy.*<tem of the larger Mulpadonia has Imhoi desc nix'd and 
bgu r<Mi for !*urtictimiina (Fig. 7o) hy Kawamoto (lH27i and for Mo/paf/iu 
by llatanaka Here the typical tufts of the retc mirabile are 

wanting, Inil as in .SViWiepw^, the dorsal sinus runs at a considerable 
distance from the defending intestine and ia connected with it by a 
complicated mesh of sinuses. The descending and as<*onding parts of 
the ventral sinus are connoelod by several transverse or diagonal sinuse.‘<. 

In the smaller holothurians and in the orders Apoda and Klasipoda, 
the haemal system is less complicated than in the foregoing examples but 
retains the main parts, the dorsal and ventral sinuses accompanying 
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Flo. 00 . lU^uAon of Ch« rrsioii. .1. of Oie Mointch of 

trp?««vna/rfn with heavy n»u^i «latgre. B, tran>verw ^.|«n of (he pooflv differculiBted 
Btoinoch of HpMhnn^ with ihm mg^gUture. (A. B. ofitr Hamann. C. trons- 

vcri^a action of the stomach wall of C-c-ma..*. (a/itr GrrOMM. 1800 ). without gUndt Of 
mhcr conn«tivo-ti«ua layer. I. cuticle: 2. liniha cpUhelmrn: 3. glond c-ella: 4, inner 
c<ii;ne.t.ve.ti«ue layer; S. nervoga la>er: G. lonfitgdinal muM-le laver: 7. circuUf muscle 
layer :^. outer coane<..t«va-ti«ge la>ec; 9. codo.nic liriinf: 10 . coelomocytes: 11 , dorasl 
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the digestive tract and the haemal ring and branobos along the radial 
water canals. However, there are no complicated networks or lacunar 
tufts connecting with the inlo^^tine, although cross comieclions between 
n sc* ending and dcMonding parts of the iulcMinal sin«s*“s arc UMially 
prcM'tit, as in Cvetnnaria iKig. 

Despite tbo intertwining i»f I he braiichi^s of I bo loft respiratory lrc<' 
with tbo lacunar tufts of the relo iiiirahlo. no lii^lologicjil continuiiy 
esisls. U appears, bow ever, tbal the UUhhI spaca'.s of tin* Iniemal ling 
are often continuous with the lumou of the water ring and even with tin 
peripUaiytigeHl Surh commniiiialioiis allow an e\ebiinge of 

(Molomi icy It'S and tbiid belwii-u the n»»*loin and hucniul and watcr- 


viisc\ilur systems. 

The elianneU of the Inieinal >y'lein aie nol drlinite \e»eU, a?* they 
l:i<k II lining, and benec are iMiter referiecl to :is Hiiiise^ or laeuniu. 
Tlie wall of the haemal cliuiniels is elnihed e\terii:illy wilb l•oel^)lnic 

• pillielium, indde of wlneli i> a layiTi*! musch* liber> and 

li-siie I big. Tti.ly In the inlesiinal wall the MihmI ehaomi.s consiM 
simply of >pacc< in the inner eoninviive-tiwie layct. 'rbc antboi ha> 
scclionrd the lacunar tufts of the n*te inirabile ullai fiecl to iIm* a>ceii*liug 
small iiili'Miucof .Ir/om/o^^r and found that they oond^t mainly of a v( ry 
tnll r<ielonuc epillieliuin ooiiiaining eosinopbiloii.s incln.sions and are 
liiu'<l by eonnertive tissue witlnnil any inn.^ailar layer ibig. T(>/1. 

'rhcie np|H'ars little ilonhi that lli<* etM'hiniiKWtes are maniifaetured 
10 die eonnoriive-ti.ssne lavin' of ihi* larger hacmuil eliannels ij'iosser 
utkI .luilson, Hl.Vii, and not in ibo poliaii soieles as .siipiiasnl fiy (hienol. 

14. Axial Complex. 'I'he author has f<nind very little information in 
the lit<Tuturc coiicerniiig (be existenee* of tbo avial e<»inpieN laxial sinus, 
axial gland) in holotburiaiis. Aecordiiig to Ciienot ilHIMm Ibe jiarl of 
the rorlom that gives rise to (he axial simis di.sapix'ni's cluiiiig tlieemhrv- 
ologv of bolothtii'ianH. However, a few authors have <le.Ncribe<| what 
lliey cotisiilcveil to lie an axial gland in variiHis liolotliurians. Tb<* most 
aiilbentic of these rc|)<»r 1 s are thosi» of Heding il93*H and llalannka 
iMKiUj for Molixutia nnd other MolfKidoniu. Here a net work o| eon* 
nee live tissue to the inner si<le of the water ring gives rise to a tnlmlnr 
outgrowth that extends backwanl along the dorsal wall of the csopbagtis 
in the doi'.sul mc'scntery and also a<*compahie$ the goixKluct to the base 
of the gonad. IK^rouaitl tlSHlb coiisidenxi the axial gland to be reprc' 
wnttxi by .some lacunar tissue full of amoeWytos IcH atetl at the base of 
the stone canal, (’uniot I ISOlai found spong^v glandular tissue do vcloptxl 
to dilTcrcnt degrex's in dilTeiviit species of Cttonnaria, locaPxl immediately 
in front of the water ring, and also noted in Hoioihiina a .spongy glandular 
ling around the pharynx and extending along the radial haemal lacunae. 
This nutlmr regarde<l sm'b spongy tissue as a site of maiinfaclnre of 
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Fro. 70.-JlM«Jo«y of the intestine. 4. Uei.f,vcr*e of ih© jntwrinp of 

fjoloikuna. B. tr3i»5%er*e ?*eclw)n of the stnttM inie5iii}© of Lcptogt/uaiHQ (4 D. o/Ui 
Hitmann. IoeiKilu<!ihal section o( IW «msll inte»lme of Ca>uli>ia iopfr Gcrculd 

1890), Nolo re\-er»l »f the iny.M:lc leyere in 4 an<l B. Iwt not in C. U. trnnsvors* sec- 
tion of the cloaca gf .S#.cA«p«» (e/rcc .Srr»c*»« oih/ I, I j nil if epitheliums 

2, fiend cclU; 3, inner connect ive.ti»nie l«>er; 4. circular inu»cle lover: 5. longitudinal 
muscle lajcr: 0. outer connective tis>ue; 7 . donal blood lacuna: 8.*coelomic lining; 0 . 
goblets: 10, blood lacuna; H. cloacal »uapon«or; 12, eoeloojocytea. 
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amoebocytCH. MorteuMniV aoccrtiiit i!S<Ui <»l an axial irland in still 
anolhov spmoj^ of ('luuutfiria dirtVrs soiiu-wlial from that of ( uciiol ami 
uKvei'b more with tbo ivpmt for molpailoiiianH: ihr tsland is said by fum 
to be anolmiKation frimi tbeluu mal rina aloiiRlIu* haemal mi ms supply iuk 
the aoiuul. It seuns piobable that ihei'C is some ronfusum belwren the 
Uue axial aland ami sites of ammOMK Vle formation in the N'alls ol the 
haemal sinuses, espivially the hamal twvs. In any eaM*. the axial 
I •« >ni pli- X is e vl 1 1< ‘U t \y [>ui )rl y <le v i* lo| H*d i n I n )lot I n i ri a u 

16. Reproductive System and Reproductive Habits. The majority 
of the Ilolotlmroidea an* dimviou": the M*xe> raiim»t he di‘^thinms)i( d 
externally exretit in the e:iH* irf teinale.' found l.ioinllnK their younij. 
'rhere are, however, xniie hermaphro<lilie a- ('uvnimria Iwiujatn 

ami u few other eiieumaiids :inu»n» the <leii<lnHbi roles. Mt.<uthurm 
ainon« the a^pidirhiroti-s, and a iuiiuIht <.l Miiai>tids. In 
laekinu a iienlamei lais arrangement, the iepiNMh|eli\e system of hcrlo- 
(hurians diUVrs from tlial of all other eM^tiiijj is-UimKierm'. 'I'he slntfli* 
is hn atcHl in the {oilerior |Kirl lA llieeoeioin in inteiTudius (1) ami 
opens to the exterior aloiiu this jiiterradiiis in eoinpany with the external 
iimdn*povite, when present iFisis. -W. Sneh an arratii;eineht is 

lonml olhi'iwiM* cmly in lAiinei IVhnato/.<w anti at onee tales the Mcrlo* 
llniniideu as (rtfsluiols tif s^nne vny pr^lnili^e e<-liincsleriii slm k, 'I'he 
irooail nsnally eonsists of luimeious tnfniles (ldw.s. lil.l. tilM, dl.l, lit, 
7:i\t iihileil basally (iiltrone tnfl altaelic^l to the left side of llu titjisal 
mesentery or into Iwo tufts, one t(» either side of I lie mesentery, fhe 
uibnles may be simple eloiiRalioii.s tll.l. ii7 1 or may In* hninelied in 
various ways (Kitfs. 7:1. 1. 7 1. Ton .Vlllnnijth usually lonjj and numerous. 
Ihe Ktnimliid tubules may 1m* short and few in iiuml)er. In syiniptids, 

I he Ktniad usually etmsi.sls ol two braiielusl tubules, one to either side of 
tlie mesenlerv lliK- till* 1 1 and in nime elasiptsls it takes the form of u pair 
I of saes {Viii. 7l)/>i. Typieally the jeonad at sexual maturity is very 
vohnniiioUH, eonsislini' of a multitiKle of long lubules. The prcslii'inus 
itierensi* of si/.e ol the iron ad with the approaeh of sexual maturity is 
illustrated by the data of Mitsukuri i ItlfWion Slictiofnis Jffponivus, where 
Ibe tubules Kvow' from a leui^lli of 2 em. in <h*lolx'r to 2o to 3'> <'m, 
in July. 

The tubules open into the hollow |»oiiadial bns<* altavhetl to the 
mesentery, and from this eominoii baM* the I'onoduet prot^eeds in the 
iiiesetitery to the j^onopnn*. mount isl or not on a genital papilla. The 
goiiopore i.s Im^ated in the middoisal line, in Interradius Cl), and may be 
situated Iwtween the leutaeles (Fig- 17/fj or shortly behind them (Fig. 
{y2IU: ill the Klasip<ida the gonopore is characteristically found some 
distance behind the tentacles I Figs. Tt’ZE, o3C). Not iufre<iucntly the 
gonoduct subdivides before reaching the surface, so that there may be a 
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olnslov of a ivw U» many is(Mu»pon*7«. VU' length of Hu* gonoil(u*t or, in 
oHier wonis, tin* of aUai'lmu'nl '»f the goiiaO 1o I he ‘dorsal me sol it cry 
vaiics ill elihVivnl lnilatlniriaii>. In •‘^nm*. nniM synajHieU and 
nudpadoniaus. tho gomxinoi •'horl eKig. i\SA). whorous it is goiu*rally 
iong in aspuliH*lnrotr> and ih*iiilnM*lun^i*> ^Figv td.l, iU.\. (»<. 

Kxcopt for thi> basal :itiarhim*iU, Hm* gonail liaiig> hx*o in I Ik* roi lorn. 

Tin* goiiadial tnbuli'> aro i*loilM*il fMomaMy witli iln* rtn*lc>mir opi- 
i helium, varying from a Ibt to a ooUininai form. follcm<*<l iiy a tliia 
musrnlatmv, usually liaving both rin*idar uikI longitudinal libm, then 
romrs a connoelivc-tUsiu* hiyir. and liindly llu- luinni Is lined by (In* 
germinal epitlirlium, from uliirh tin* m*\ oi*lls original^ il ig. ilDr 
Among the hennaplireMlitir sviiaptid.-. eaeh Uilnih* pi«Klu(*es bolh egg> 
an<l sperm, generally at the same time iH, 1., ('lark. Mt(l7i. aUliongli 
jnissibly n 1 elilTeiviit nines in scniu*s|H*(*h'-, wfiieli may then bi* misl{ik(*nly 
i*egar(h*il as <ihH*eioi|N s)a*eie-. Having nolieed dial in a lot ol about HU 
spanning spi'eniieo'' ol /,# /Wesynrr/Vn in/mr n* only bair slied eggs while 
the rest gave oil s|>eriii. S. Knniislroin • IU?7 ' siiggesieil I hat jM'i Imps this 
speeies is male ulien young and iH'i-mne- female only uheii a U‘\\ years eif 
age. In ('•iiiimoriti /rtMUti, abo, eggs and •»|H*rin are pnHlnei><i in tiu* 
saim* gonadini tnbides d.udxvig. ISUSm. bill mote complh ated < i>nditioiis 
obiniu in some other liermajilinHlilie <loiKlr«K*lnioleN. In Cmuwario 
liini'julfi lAekerinann. lUUJi. the de\eloj»ng tubules at thegonaelial base 
ai<* sexually inditfereiil at lii>t but U'etime female aii<i release* <*ggs as 
dn*y leuglhent with still further elongation the female (hmients are 
destroyed by tdiagiKViie e(K*himoi*ytes and the same* lidades then 
proiliiee sperm. Thus the gomulial tuft eunsisis (»1' small hasjil imlilTereiit 
lidmies, larger female itdmle.s. and «»me very long male tubule, s (Pig. 
lut'd. KvenUially die old male tubnh*s are alao phugoey fixed and 
resorhed and replaeed f>y newly (ransforiiUKl female tnbviles. In .1/m- 
Ihiiriu iii(rstinQli>i iTIuVI, 11)01 1 , the gonadial tiihules braneh disiitully, 
forming tufts, and some of theso tufts art* male, other.s female (Fig. 77/'). 
As in the jnei ediiig sjieeic-s. old and diwharged tiift.s are re.sorbcd and 
di*slroy<si liy ecK'loinoeyies, and new one.s grow out Irom Uie gonadial 
base. Frolmbly a similar pr(K*4*s.> of dost ruet ion of spent tubules and 
Idrmation of new ones at a growing xone In the gonad base oeciirs in 
holothuriaiis generally. 

The goiioduet eon.dsts of a eiliatod epithelium surrounded by con- 


few <ii\kri:iM luhulu<> (up*' IKK9i. E. Iia«v of lell rpsjmAtory tree of H/AtHkurta 

CfitantueU with iiui»c(«>us egvicri&n 1ulHjt«» {^er Utfouar^, 1^0). F, Ijrfth.'Scsl I’uvicriun 
tiiliulcH of AHinopiftfq 0^9812 1 . G. »««tion of a vuvorian tubule of Adin9pt/QO> 

I. litiijig; 2, fonucrtive il'sue; Z. voetomorylc; 4. rircuLar muavie layer: 5, lonnKudmal mus- 
cle layer: C, cc^loriilc eiHihelium: 7, base of Ml rcsfnratory Iree: 8. piivicrian tubules: 9, 
larRC mlCiline; lU, base of rlfhl respiralory tree; H. cloaea; 13, gland tells ; 13, lumen: 14, 
layer ibat funii?<lies the adlieslve secretion; 15. common stein of respiratory trees. 
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Fio. 72, — Cuvi«rian (uhults (wicludwl), haemal ajalem. A. poaUrior en 
Ma/rio fertkali, diseharginc ila ruviermn tuhuica (aftrr J?u««o, 1899). B. di 
CiKumorto fJoHci, ahowmg dice^ltve and haemal systeine («/fer Hcrotfird. 1890) 
2. cuvierion tubulec: 3, »K(rilen head; 4, aquapharyn^al bgib: 5. tentacular 
6» caliareous rin«: 7. radial water eanals: 8. openingii into peripharvngeal &iau 
rin«'. 10. haemal ring: 11 . retraetor musele; 12 . aonodui t; J3, gortad: 14. dor 
sinus: U. ventral haemal sinu»: IB, stomach; 17 . descending small intestine; 18, 
small intestine; 19. large intestine: 20 . eonirertions belaeen descending and ascer 
of the ventral haemal sinus; 2 l, transverse connection ol dorsal &inu^t M. un i 
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neotive tissue continuous with that of the dorsal mesentery in which th(‘ 
duct is iml)oddi*d iFig. 77/*' ). 

Availahlc data on the i»f holiUliuriaiis indicate that each 

species breeds lor one or mine month ^ at a clelinite time of the year, 
mostly spviin: and sninmer in lem|M*iale latitudes. Tin* c»Uler data are 
tubuiated by l.udwitf ISWJ IWii. Imt the idetililitations in tliis 

ml lie are pvubaldy iu»t reliable. t>n the New Kn gland eoaM piiMiiiai/fa 
iiihtuntf.^ nml losioltt spa vs n in sfiriug and suinim»r til. L. (lark, iHilUi, 

and Th'ion*- hriotnu^f in VAJ'>: Col win, I'JiSi. (loiould 

t iWMii observed the .^pawning of male ^iHcimen- of ( amhim (irvunh on 
I lie Massarluiseils e»Kist from rehrnary to April, lit the Ualiarnns 
\clUtopi/<j(i spawns lr«»m .Inly to tin* mu Idle ul AugM>l iKd wards, 

ISSdi. The viviparous s|M*cii*s Si/Htt/Muh li>f*lf{(orui{s and ChiiiiloOi. 
ro^flVro are fotiin) Nsilh developing >ouiig in lUe eikdoin in Jainaieu and 
Ueriuuda from April through I he summer (U even later ill. ).. ('lark, 
|H!)K, miOai, imt it is not clear liom I hi''>c account- jusi when the germ 
cells are nt)e. I’o-sildy micIi tropical vi\i|Kirou- lorm- t>i'ccd throngliont 
die v<*ar. ail thru ii'iiK -iniwns in |hig<*t Sou i i«i dn ring .hily 

and August (('nuitney. I',rj7i, hiil lUlier Ihiget Soiuiil liolotlinrians 
'pawn in spring ithe .lohn-on-. IttotJi. Spawning data are available 
for .several Japanese s|H*cie.s: jufttutiru.H fi«Mn May lo ral ly .Inly 

iMiisukiiri, llKKfi, lUininmtluio from .May to June (liniha, 

itl30^ Cttnimiiria rr/iomfu from the middle (»f June into <*arly Atignst 
{Ohshiina, UUKj. a ml MulfHiitiu ronfrtV prohahly in No\<*inbei' or 
l)er<ndier illataiiaka. lIKith. Dtiriiig studies of echiniHl<*iin develop* 
mciii on the Egyptian coast of the iJeil S<*a, Morlehsen iltt’17, Itl.SH) 
reported tlie s)>avvniiig of a numU*r of h(»l<»tlinrians. The following 
.-l)a\vned l»c tui*en April IX ami June 27 in hl3(‘i: Sffuaptulti nciprwaus 
ami iifOUa. StU‘liopn^ vitrieijitittH. Artinopifyo m rrulu/fftfi and wannpVinc, 
, a'ld llololhurifi iniirmonit4i. nrinirofu, scahm, and i^piuifera; at u Inter 
stay, hot ween July I and Sept. 12. Il>37, spawning omiitwl in Synajtiula 
tiUutif. Op/ecM/'syma f/nVto. and llvhithurut »mpi//*rn«, jMnlttliK. jHipiUi/cra, 
fliilirilh, and uohilift. Many studies of hoiotlmrian development, liave 
lH*<*n pnrsiu'<i along Merliterranenn sliores. es|n*eially at Naples, Here 
Curumnrw hirhslMrgii brmls in summer (Kotvalevvsky. IX07i, Cuenmaria 
phitri ill Mareh and April iSelenka, 187t)i, and Labiilopla/ <ligi/iUa 
in March and April {Uemiers, llM2i; but lloloUturia InOuloint seems 
sexually ripe throughout the year althougli at a maximum in August 
and Sepleml>er ISelenka, IHTOj. June hrecrling Is reported for the 
viviparous l*hifU<tphoru!f urna at Naples (jAidvvig, 18U8b). The northern 
species Cucumuria Jronthsn spawns in the North Sea and other parts of 
the North Allantie in Tehruary and Marcdi (the llunnstroms, 1921), but 
in June and July still farther north in arctic waters. Psolu$ pkantapus 
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bm*(is in the* North Sou in Mavrh and A)>ril uht* Huimstroms, 1921), 
hilt Slirhoptis Ircmnlii/i in August. Anolhor northern form, Labidopfax 
bu^ki, breeds from 0<'tol>er lo Doevmhcr off the Swedish roast (Nyholm, 
1951). The viviparous anlandie spiTies <*urtf maria awa and P solus 
ephippifrr were found with young in January and February (Thomson, 
18“8i. Widely clistribntod spis io?* may spawn at different times in 
different parts of the world a.*' I he eommon Lcpfosf/napfa inhaerens, 
reported ns s])awuing in spring and summer on the New England coast 
but in August and September irfT Norway; however, Deichmann (1030) 
aiul other holothurian spei'm lists suggest that <lifforeut species are con- 
fused under this name. 

Most observers report that hololhiirians usually sjmwn in the late 
afternoon or evening or during the night, nppaivntly in I'csponsc to dim 
light, rrohably temperature also plays a role, as (’ol\s*iu (1948) noticed 
some stimulation of stMiwiung in Thyane briaenms by exposure to water 
about 4^(' higher than the previous temperature. No douht the general 
lendeuey of holot burin ns of temperate zones to spawn in spring and 
summer is reluti'd to rise of temperature at thesi* seasons in such zones. 
It has also bo<*n frec^uently noticed that holothurians Iwought in from 
nature and placed in lulMwatory aquaria tend to spawn in the late afta^ 
noon or evening of the same day. .Vs a rule in u group of holothurians. 
the males si>awn first, .soon fcdlowed l>y the femndes; hut isolated indi- 
viduals may spawj», ;Jthc»ugh egg?. »o shed are unfertilizahle, 

Oviparous species shed their s<*\ cells divis tly miI<» the sea water and 
fort iliziil inn nl once en»u<*s. In Thyonc hrionu:* (('olwin, 1948), tho 
animal prior to shedding expands and elongates and starts waving its 
tentacles about. The sex eells issue from the gonopoix» in n slow stream 
and me well dispersinl hy tentacular movements. Spawning usually 
continued for about 30 minutes but ranged in diffenmt individuals from 
15 minuto.s to over 4 hours. The northern synapllds Leptosynapto 
inhaerois (S- Uunnslrora, 19*27) and Labidophx buski (Nyholm, 1951) 
when spawning erect themselves part way out of their burrows an<l si^'ing 
about while emitting the sex eells. For the latter hermaphroditic species 
it is interesting to learn that eggs and .sperm aie ripe simultaneously lu 
the gonadial tubules but are not shed simultaneously ; the same individual 
sheds one kind of sex cell at one time and the other kind a day or two 
later, but is not self-sterile. Holaihuria marmorata when spawning raises 
the anterior end vertically (Mortenscii. 1937). A holothurian does not 
necessai ily discharge its entire load of ripe sex cells during one spau'uing 
act but may spawn at inter\*als. 

A number of dendrochirote and apodous holothurians brood their 
young in some manner or other. This habit is particularly de^'eloped 
in residents of polar waters: of the 30 brooding species known at present. 
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iiUkJ. •>. liJMOicil >. J .A,.„ MM la*. 7 - ..i •l.m«*aj|t.;i(.;S. loiieil mhti:il lnU‘(l<* iKiDil: 

'• Koliad. |U. i.irliil M.III I 11. \fiiir.-il l.tuiidl sinu i ll». Mf%ii^vtT-yC v>iUUt>rUnii o| 

1 1 IH. ilo-,f‘i..|kni: Mn.all iJHv T.iip; M. fUt*a| UaMiial |5. iiftmork from dot^.il siiwi^ 

iiiir, licua >.i inU"lMK«: 1 *., iloaoa. 17. alojral >.g.|K*ri-w-. Ik. briw >nie>tuio: 1 «. OMs-ndahK 
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l.> inhabit the aiitaretir and I the arclie. and 3 olhera live in far northern 
watei-s. The prevalence of brooding echinoilerms in the antarctic has 
not been satisfactorily explained; presumably the avoidance of a free- 
swimming larval stage must be somehow achanlageous in polar waters. 
It is charaeferistie of hroiKling hololhurians that they produce large, 
yolky eggs, which in soverai -species have a diameter of around 1 mm. 
Tlie available fac ts about br<K>ding hololhurians to the date of publication 
liave been well summarized by \'aney (193.)). 

In the simiileat cases the eggs develop and the young aie held on the 
external siitfaco of the mollic-r. In Psoliis an/arrlkus, the \’ouiig adhere 
to the smooth part of the creeping sole (I.udwig. 1897a, ISilSa); a maxi- 
mum of 32 -voung cH-curred on one mol Iht i Fig. 78.1). .V similar location 
IS seen in Cuexmaria curalo. Califoriiia. although details have not been 
fuinishc'd (H. L. Clark, 1903i. In f'lrcitiHariti p/aiici, tlie eggs are 
retained brieny in the lei.laciilar crown (Vaney, 192.j) but are soon 
ejected into the sea water, and Ohshima (191, j) reported a preserved male 
six'cimeu of Italhyplulrx natau^ with eggs stuck to the tentacles- As a 
next step, development occurs in depressions or pockets of the body 
surface, of the hack in Tb^vtirp^olui nulricm from California (H, L. 
Clark, 1901 ; Wootton, 1!)(9). of the sole in five antarctic species; Paoius 
gran’ilOKiia (\nuey. 1907, Fig. 77.1), CncMworia parva (Ludwig 1898a) 
and Pwlidi.m i„cub<ina. p«Aua figulua. and puncMua {Ekman, 

192.)). fclkman found 40 eggs imt)eddcd in the sole of Psoliia piwctatua, 
and as many as 70 young were seen by I.udwig attached to Cuei->naria 
pana; the latter emplo.vs plant material stuck to the podia to help keep 
the young in place. PaoliiR ephippifrr. nnlaivtie, also carries iU young 
on Its back, but here the young arc held in cavities beneath the large 
dorsal scales (Th^cl, 1880. Fig. 78/;). The melho.1 of placing the eggs 
m surface depressions has l,een obserx-cd for Thycrpaolua nulriena 
(Wootton, 1949). Spawning females arch their expanded tentacles to 
form an interlocking mesli in which the extruded eggs are caught The 
eggs are then transferrcrl to the dorsal surface by the tentacles and by two 
unusually extensile podia loc-ated near the gouoporc; other dorsal podia 
pass the eggs along the animal’s back into the preformed pits of the 
^nface. Escaped e^s are often picked up by the tentacles or podia. 
The eggs are very adhesive for about an hour after spawning 

A further stage in the brooding habit consists in the development of 
definite incubatory pockets, at first external. Thus in the antaivtic 
Paolua k^hkrt. there are five widely open pouches in the body wall 

and five similarly 

plaeed but dee^r pockets with narrowed intcrrarlial apertures are found 
in Cuemana Joub,„i (^•a^ey. 1914). The well-known antarctic species 
Cacmana crocca was found on the Challenger expediUon with numerou.s 
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young attached to its dorsal ambulacra (Thomson, 1878) ; but later work 
(MacBride and Simpson, 1908) revealed two incubatory pockets in the 
ventral body wall (Fig. 78B. C), containing in one case 110 and 30 
embryos, respectively. Apparently in this species the embryos develop 
considerably in the incubatory pockets and then emerge and attach to 
the reduced podia of the bivium. Two incubatory pockets in the body 
wall also occur in Cucumaria coot$i lEkman, l92o). Further evolution 
along this line results in the formation of intertial incubatory sai's. 
usually two in number and ventral iu position, formed by deep integu- 
mentary invagiexations Into the coelom ami opening separately near the 
tentacular crown (Fig. Morlenseu (1894) has shown that these 

sacs consist of thinned iulurnwl body wall in which the connective-tissue 
layer has sulTer«*d the gn*alest di-crease. Such internal incubatory sacs 
occur in Cucumaria gheialU. from the arctic (Morterwen, 1894; Ludwig, 
1900a) ; in thre-e antarctic species, (’Mruraaric latcratis (Vaney, 1007), 
laevigata (I,ampcvt, 1H89), and ceneyi (C'hcrl»otmicr, 1040); in two species 
from the Aleutian Islands, (\ <;imar and IcMperti (Olishima, 1915); and 
iu Thjonr imhricata from Sakhalin (Ohshima, lOlol. In the lust, the 
iwo sacs have a common orifice. The ombryijs in incubatory sacs may 
be of the same stagi* of development or of varknl stages. It appeal's 
iiiiatomieally impossible that I he eggs could get into the incubatory 
sues directly, and presumably they are dis<*harged to the exterior and 
assisted into the sues by the mother. 

A dilTerent type of ineubatory habit is kchmi in a numlK-r of dendro- 
chirute and apodous holothurians, none from polar regions. In these 
the eggs rupture from the gonads and develop to an a<h'au('ed stage with 
teiitai'les inside the coelom. How fertilisation occurs remains problem- 
atical, except in hprmapbr<Hlitie species. However, in one such species 
with ecM-lomic incubation, Synopiula hydriformU, it is stated that tbe 
sperm are <lischargcd to the exterior and reach the eoelom through the 
anus by way of openings through the wall of the large intestine (H, L. 
C’lark, 1898). Coolomie iticul>ation is known for Leptasynapta minuta, 
North Sea (Hecher, 1900), Synapiula Aydn/ormw and Chiridota rotifera, 
West Indies (H. L. Clark, 1898, 1910a), P)r///fep/u>r us urna, Mediterranean 
(Ludwig, 1898b), Thyane rubra, California (H. L. Clark, 1901), Pecudo- 
cucumis ajricanuif, Japan (Ohaliima, lOlfi), and TroeWo/a dunedinenHs. 
New Zealand (John, 1939). A variant is seen in the antarctic Taentoyy- 
niif contarlus, in which the ovarit*s themselves act as incubatory sac^ 
(Ludwig, 1897b, 1898a). The young in eases of coclomic incubation 
escape by rupture in the anal region. 

16. Development.- -The principal articles on oviparous development 
are those of Metsehnikoff (1870), Selenka (1870, 1883), Semon (1888), 
Ludwig (1891), Kdwards (1909), Newth (1910), Ohshima (1918, 1921, 
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U)2o), J. aiHl S. Uunijstrdm (1021), S. Uuiinserom (1927), Inaba (1930), 
Uustad (193SK and Xyholm (1951); those of H. L, Clark (1898, 1910a) 
and of \\ ootion (1040» ronceni development in brooding species. Eggs 
of species that develop in sea water arc usually small and transparent 
and more or les.s floating, whereas tho«‘ that are Ijrooded tend to large 
sixe and yolky content. The course of development is much the same in 
both typos of egg.s. except that free larval stages are omitted when the 
eggs are I > roc m led. 

Cleavage Is typically equal, liolohlastic, and of the radial type with 
tiers of cells in line with each other, very p(‘rfectly so iu some species 
tl. Fig. 73/;), irregularly so in others. There results u typical coelo- 
hlastula (1, Fig, 73/..) that undergoes typical embolic gastrulation (I, 
Fig. 73.1/), However, in the yolky eggs of incubating species, cleavage 
nuiy be superficial, and the blast ula may con.sisi of a surface layer of 
cells enclosing the yolk (Wtmiton, 1949) : gastrulation, however, occurs as 
usual. In typical development, the embryo soon becomes flagellated 
and escapes from the fertilizalion membrane. Mesenchyme is given off 
continuously from the tip of the aix-benleroii as it advances (Fig, 78G) 
and in some species begins migrating inward from the vegetal pole even 
before the oiwet of the gastrulur invagination (Fig. 78/'). The blastococi 
thus becomes tilled with entomescKlcrm in the form of mesenchyme. 
I’he distal part of the avchonteron is of coelom ie nature, the proximal 
part, next the blastopore, is the primordium of the digestive tract, and 
the blastopore beci»m<*a the larval anus. In three species, Stichopus 
Iran ulus (Hustad, 1938l. Ubuloplax <tiyi((Ua (Selcnka, 1883), and 
Synnptuln h>/tlri/ormi9 (Clark, 1808 1. thecoelomie pari of the archcntcroii. 
before separating from the enteric part, puts out a tubular projection 
toward the dorsal surface, establishing a hydropore there (Figs. 79d, 
82/>l : this tube is then the hydroporic canal. In all other species j 
studied, this event happiuis considerably later. The coolomic sfle oi \ 
hydroenterocoel comprises the latter part of thearchentcron and typically 
separatees from the enteric portion by first taking up a somewhat lateral 
relation to it (tig. 79f’). After the separation the hydroenterocoel form« 
an elongated sac to the left side of the enteric sac and sooner or later 
constricts into an anterior hydrocoel and a posterior somatococl (Figs 
79D, 82F)- Before or after Ibis separation the somatocoel is seen 
dividing into two sacs, the right and left somatoooels (Figs. SOB, 81.1). 
The hydrocoel bears a small protru^on that repre.sents the axocoel and 
will give rise to the definitive stone canal (Figs. 80.1, 81^). As in 
crinoids, only the left hydrocoel and axocoel are present and the right 
members are wanting. Meantime a stomodaeum has formed in the 
middle of the ventral surface (Figs. 805, 825), and this joins the enteric 
sac, which has elongated to become the larval digestive tract. This has 
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a general L form and rapidly differentiates into a fore-gut, of which only 
a slight part is stomodacal, an expanded sacciform mid-gut or stomach, 
and a narrowed intestine or end gut leading to the ]a^^'al anus (blastopore, 
Fig. 80B). 

At about this time, about the third day of development. Ihc embryo 
in many holothurians bwomes a free-swimming larva, of the type called 
auriculfiTia. The ectoderm flattens, its flagella disappear except along 
certain sinuous ridges, ami the larva then presents a ehura<'t eristic 
appearance (Fig- 80r, D). It is a transpawnt cN'atuic of pelagic habits, 
mostly 0.5 to I mm. or slightly mon* in length, that swims hy means of a 
continuous flagellated band deflnitely arraiigctl. This hand procc'od.s in 
sinuous curves along the sides of the larva, then dips vent rally on the 
anterior part of the larva to form the pnvrat loiip passing above the 
mouth, nml similarly curves forward in the posterior ventral region us the 
anal hop that encircles the amis <Fig. 81f'>. This locomotory band is 
customarily referred to in the literature as ciliatenh but the sections of it 
publishe<l by Remiers (U)l2) sJiow that it consists of elongated llngollated 
eells (Fig. 82f’j- In the interior of the larva is schtj the curved dige.stivc 
tract with its sacciform stomach and the tlirt'c coolomic sacs (hydroeoel, 
right and left som a t( spools ), of which tlic hydrot'ool is already lohu luted 
to indicate the primary tentacles. The hydrm'md is connected hy a 
tubular canal with the hydropore on the doi’sal surface. In some larvae 
or ut an earlier stage there i.s present an apical flagellated erbxlermul 
thiekening or sensory plate. Figures (»f the atirieularias of a number of 
dilTeiviit holothtirian species arc given by Mortenwn (1037, 1038), 
Relatively gigantic aurirulariuu, up to 15 mm. in length, have been 
collected in the plankton off the Canary Islands, Japan, and Bermuda 
(Chnii, IHOG; Ohshima, lOll; Oarstang, 1030). These are further 
characterised hy on exc<*ssjvcly frilly flagellated band (Fig. 83), The 
a< lulls are unknown, but from the presence in these giant auriculavias of 
wheel ossicles, one may assign them to the Apoda. 

The aurlcularia scKm transforms into a dotiolaria larva (called pupa 
in the older literature), greatly resembling the doliolavia of crinoids 
(Fig. 82 B). This change is accomplished by partial degeneration of the 
flagellated band, leaving short pieces that join to form flagellated rings 
(Fig. 8l/», three to live in number, depending on species. The embryo 
may bypass the auricularia stage and develop directly into a doliolaria, 
as in CwcimkJna planet (Ludwig, 1801), chrondjkelmi, 

the Johnsons, 1950), Leptoai/napta inhacrem (S. Runnstrdm, 1927), La6t- 
doplax buaki (Nyholm, 1051), and Para^audina chile n sis (Inaba, 1930). 
It may omit both stages and swim about as a simple oval larva, eom- 
pletcly flagellated or ciliated, as in Cucumaria saxicola (Newth, 1910), 
Cucumaria frondosa (the Bunnstroms, 192!), and P solus phanUipus 


Flo. 76.— Ha«tiial Uonrlgaod), reproductive svstem. A, section of a Wood 

hwgna of C«c«»ar*« («//rr //omoen. IS83). B. sectign of ih© reie mifobilr of Af/otopiffiO- 
r. one of the lacunae of B. O-f. t>pe« of foneds of HloBipoda (a/ter TAiW, 1882). <?« 
hermephroditic gonad of CufHimir.'o feetf^o (a/fer Acker mann, 1902). //. 
pfoc*«/«f opened to show brood sacs {afice Mortentcm. 1894). 1. coelonuc lining: 2. musfl* 

layer; 3, connective t>8«e: 4, eo«inopli»lous spherules: 5, gonoduct: 0. genital blood sings: 7. 
indifferent tulrnle*: R female tulniles; 0 . „,,l^ ,«l,ules; 10 . l«K>d 1 1 . <„MMangs of 
sa« ^: 12, gonarl tubulas: 13. ihte..tm©. - • i ►- 
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(Thoreon, 1946). According to Edwards (1909), a larva) stage is 
altogether wanting in Holofhuria floridana, which hatches as a juvenile 
with tentacles and podia. In those holothurians that brood their 
young, these develop to a idmilar advanced stage while in the maternal 
coelom or attached to the mother’s surface, ulllnmgh for Chiritlota 
rotiferay H. L. Oark (lOlOal reported a dc»li<ibiia singe during the coe- 
lomic development. 

Kcgardless of differing external iipp<'ftrain'e>., the development of 
into rnal structn res i s m u c li t f i v sn mo t lirou gh (Hit t he c lu kk. '1' f i c f i yd roc oel 
takes on a curved form ai»d begins to encirelo ihe fnre-gut, meantime 
developing lobulations. Hither Kve hydroeoel lol>es arise simultaneously 
or three that soon subdivide to five tFigs. 80.1. 81.1). Tlux* live lobes 
represent the five primary tentacles; there rapidly appears a sixth lobe, 
the polian vesicle (HIg. 8M. /f>. The bydrcxcM'l base continues to 
I'urvc around the forc'^gut {Figs. 81/i 8‘2/f), and eventually its ends meet 
and fuse, establishing the water ring. .Mternaling with the five primary 
tentacles there grow out from the water ring Jive more proces.ses that 
b('come the radial water canals; the fact tliat in liolotluiriAim the primary 
tentacles a|i|Kirciit)y do not lH»comc the radial water canals is difficult 
of inlerprctalion. .Vppurently the muhveiitral radial canal always 
precedes the others in development- No radial canals form in the 
(Huliryology of tfie Apoda, hut tin* Jive radial nerves Ijiid out f>e1w(H*n 
Uie 1(>nl:kele buses. The proximal )mr( of the embryonic hydroporie eunul 
enlarges to iM^come the definitive stone eana) and mudivimric luKly, and 
its distal part together with the hydropore diKap|>c*ar except p resit m id ily 
in s|M*eies with surface madrepork* otnuiliigs. Mesenchyme cells gutlier- 
ing in front of the water ring sks* ret c the calcareous ring. 

Around the vent rally hKat^xl moutli the ectoderm begins to thicken 
greatly (Fig. Hl/f) and sinks into the interior as a ve.stibulc (Fig. 82.4) 
ilmt l•o(ll in VIC'S the .sicmiodueaf invagination. As it sinks inward the 
vcslibnlc also carries the inonUi inward. The vestibular aperture closes 
lo a narrow slit. The ectodermal floor of the veslibulo proliferates to 
form the nerve ring, and from this the radial nerve-s grow out between 
the Im.scs of tlie five primary lenUoles (Fig. ^4f>). Cavities originating 
from the vest i hole ucrompany the formation of the ring and radial nerves 
and liecomr the opi neural ring and radial tanusw, thus shown to be 
noiicoclomic. The primary tentacles that have hitherto consisted only 
of hydrcK'oclic wall pn.sh out into the vestibule and thus ac(|uirc an 
ectodermal covering (Fig. E). They soon project into the vestibular 
cavity. A lai^ embryonic area, the preoral lobe, occurs anterior to the 
veiilrally located vestibule. As in crinoids, the vestibule, carrying 
all adjacent parts with it, rotates to the anterior end, thus eliminating 
the preornl Inis'. 'I'he \'es(ibnle opens out, its floor bc'come.s the l)n<'cal 













Fio. 77-— Reprodurtwn (continued). A. Ftcf>*9 granulo$u9. longitudinal section, show- 
ing embryos held m (H>ckct» of sole (o/fer Vwg, 1925). B. section of the hennopiirodilM 
go nud of a sy na pUd {a/lfrStmper. 1 RCS| . C. herm aphrodil ic gonad of Mezofk u ria iniesfif*’ 
a/tt (d/rcr Th^el. 1901). D. section of ovary of CMcumuWa {a/ler Hamann 1883). f . cros* 
section of the gonoduet in the dorsal mesentery (o//cr Ackermenn. 1902)- 1, inUstin*: 

2. ovarian tubules: 3. eraboe* in pockets: 4. sperm; $. eggs; C. ooelonnc epithelium: 7. 
muscle fibers: 8. connective tissue: 9. germinal epithelium: 10. basal erowtog tone; U- 
gonoduct: 12. tufle of male tubuir*; 13. tufts of female tubules; H. dor^l mesentery. 




Kjo. 78.— Iteprwlgcilon <eoBrlu«le<l). A. ventral view of aniurcrtVwr »ith 22 

yogriB on llio sgie Lniltfiif. IKOSii). D. CMcnmtorut witJi two venirni inculmtory 

iHirkcl* in the iKKJy w«ll. C. Mine as S with pocket » opciWKl. (.B. C. after UaePride and 
Hampton. lOOfi.) D. Peotue epittppi/er with Iar« aralca vovorinf the doreaJ brood pockets 
tiller Thiel. IWMSj, E, PealtiM koeUeri. witU five brood pockeU ai^und the neck (after 
Vaney. 1914). F. »>cfiiinin* gaatniU fivmg off mcacncbyme from vegetative pole. G. 
gaBlruIa w»ih archcnlcron ^ving ofl mcsencbynie. (f. G. of Ur Seienta. I8?b-) 1, rim of 

»oJb; 2, »ca\r9 of doraal aurface: 3. podia; 4. embrj-oa; 5, entrance to pockets; 6, pockets; 7, 
mouth; 9. tentacles; ft, scales covering incubatory pockets; lO. anal eminence with scales; 
il. ectoderm; 12. nieaeoeUynie: 13. arcbentaroa; 14. blastopore. 
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mombrane, and the definitive anterior end with five tentacles is thus 
establishcHl I Fig. 84D). About this time podia grow out from the 
preroeirHis mid- ventral canal, usually two near the posterior end (Fig. 
85.1;, sometimes one (Fig. 85/?). The young cucumber with five 
primary tentacles and one or two podia is termed a penfacivla (Fig, 85 d, 
H] and starts leading an independent life. The five-tentaoled condition 
usually persists for some time, but additional podia soon appear (Fig. 
850), arid later additioital tciita<'lcs sprout from the primary ones or in 
.\poda directly from the water ring (Fig. 84Z)). 

The two somatoeoela after their separation from the hydrocoel lie 
to either side of the digestive tract as fiat toned saes that undergo con- 
siderable changes of position. They spread around the digestive tract 
(Fig. SAC, E) and eventually throughout the interior space, meeting 
vent rally and dorsally to form mescnt«i<*s; but the ventral mesentery 
breaks through giving a continuous coelofh here. .\s the dorsal m^esen* 
tory forms, the stone canal becomes enclosed in it. Anterior extensions 
of the somatm'oels. especially of the left one, produce the peribuccal and 
peripharyngeal sinuses. 

The larva) digestive tract continues into the adult, but the stomachic 
enlargement i$ lost in some species. The loop of the digestive tract 
arises partly by stomach torsion, partly by i Dcrea.se in intestinal length 
forcing looping because of the limited space available. The larval anus 
(blastopore) closes rather early in development, and the dcHnitive anus 
breaks through without proctodaeal invagination near the site of Che 
blastopore, 

The gonad originates In the dorsal mesentery near the stone canal 
from mesenterial cells. 

I'hc fate of the mesenchyme is not thoroughly des<'ril)ed In the 
available accounts. The mesenchyme secretes the skeletal ossicles, 
often initiated in the auriculavia stage, and apparently also contributes 
to the muscular and connect ive-tissue layers of body and digestive- tract 
walls in some species^ although in t>ynap(uia hydri/ormu these tissues 
originate altogether from the wall of the somatocoels (H- L, Clark, 
1898) . The haemal system apparently originates as mesenchymal spaces. 

The holothurian larva thus passes direi'tly into the juvenile condition 
without undergoing any radical changes and with the retention of the 
main parts from the larval state. 

17. Order Dendrochirota. — The members of this order are dis" 
tinguished by the dendritic tentacles that are not provided with con- 
spicuous ampullae- The tentacles are part of an introx'ert that can be 
pulled down into the pharynx by the contraction of the five retractor 
muscles attached to the radial pieces of the calcareous ring. Podia 
are conspicuously present over the whole body or limited to the ambulacra 







l*'ig. T9. i%mbr,v oloi^'. A 

digiltJa (o/tfr Setenko. 18K3). 

C. <ontinu6U scppratioD o< the cnalomic 
enLcric mi:. 

|)lato; 2, niG^nohyRie; 3. h>’dropore: * 
ciiUric uc; 8. bydci>ooel part of coolornk 
hydro«orl; J 1 


prt^’hiu formalioij of the lij-dropore In Labi</op/a* 
' Tik 6MC bd^iiminjc to Mparete from the entcrlu sec. 
r, , , «»^'*»i<“c«orapJeleJy constricted from 

(ff-D. Lefi/^i/nap/o reAoereaj. afttr S, Rnnnwtrdm. 1927.) 1, epical sensory 

?: 4, areheauron: 5, Uastopore: 6, coelom Ic sac; 7, 

* , , v; ;•••' ®' •©“■toooel part of coelom ic sac; lO, 

, sometocoel; U, blaatoceel: U left: R. rinhe. 




Fio. 8Q.— li.mbry<ild*y (echtmued). A. doraal vWw of erebryo with lobulated hydro- 
wL B. median s^tlJOn nf «me atace (^. fi, LtiK^tynapta inhatreM: o/W*- 

.S. f? N nnttrsm. 1 02 . C. y ounn atiricuIarU. Z). mature auricular ia. from t ho aide. ( C. l>> 
QfUr >toruntm. 1938.) 1. apical senaor)- plate: 2. blAaiocoel; 3. lobes of hydrocoel; *■ 
axorodl: 5. enteric sac; 6. aomatoeod: T. preoral loop of da«ellat«d band: 8. anal loop; 
9. location of mouth; 10. stomach; II. anus; 12. pbaryax: 13. future mouth: 14. vestibular 
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or to certain of these. The gonadial tubules are arranged in two tufts, 
one to eitlier side of the dorsal mesentery. Respiratory trees arc present 
but envieiian tubules are wanting. Tfie circulatory system is relatively 
simple without any extensive it*te mirable (Fig. TZif). In the family 
CucumariUlae, C’ncimjrtrm ami Thtfoue are common and familiar genera. 
In the former, the podia are arrange<l in live ambulacra) f>and8 with little 
scattering into the iiiteramlnilacral amis tFig. 17 1 , whereas in Tktjone 
they are dUtrilmted over the entire body surface without definite relation 
to the ambulacra (Fig. 5i.l). Holh genera arc provided with 10 tenta- 
cles, c<|ual or witli a snialh^r mi(l-\cnlral pair. SiH*cial articles are 
available about two common norlliern >*t>ccics of Cucu maria, frond o$a 
rFdwardj,, 1010> and glarinlix i Morten sen. the former is notable 

for the numerous tup to oOi outlets of the male goiioduct, SplmroHniria 
{Fig. .M).l t anil ErhvtW'ttrumii are eharactcrixixl by the spheroidal body 
clot lux) with liiige rouiuhnl scales, each Ix^aHug a spiin*. In the genus 
I*cnltuUi (* ColorhiniR), with 10 lcntaeU*s, twc» smaller than the others, 
the ventral surface is mon' «)r l(^ MuttimiHl as a enn^ping solo bearing 
Ihrce I lands of piKlia, and (he dorsal surface is warty or pu])iilate (Fig. 

Ii)\ tlie tiuckeiuul ends (»f the ambulacra form valves tor the in- 
troviul and also usually for the anus. The Inuly wall of Feutorta is 
greatly stilTenod by an abundance of ossicles. 

The differentiation of a criTping sole ivaclies a elimnx in the family 
PHolidac, in which (he ventral .surface Is dcwelopixl as a thin- walled sole 
with si aiity p<s)ia along its ]H*rjpliery and in some species also olong the 
mid-venlrul radius; wherca.s the iir<*hi*d dorsal surface is co\'oi‘cd with 
calcareous scales that ascend the Introvert and the anal elevation. There 
are usually 10 tentacles, of which (he two mid-ventral ones may be 
reduced in size. The m<*mlH»rs of this family arc often red, orange, or 
pink in color. The main genus Psolus with a number of species is devoid 
of podia dorsally (Fig. 50C*, O); in some species there arc five valve-like 
scales that serve to close over the introvert and the anus (Fig. 86A). 
l>or«al podia projecting through holes in the scales are present in the 
geniTa Thijoni'psolus and Ptolidium (Fig. 85F). As noted above, the 
Psolidac include a number of brooding species. 

The third and last dendro<‘hirote family, the Phyllophoridae, U 
distinguished by the more numerous tentacles, 15 to 30, of two sizes or 
of intergrading sizes, more or less arranged in two circlets. The podia 
may bo limited to the ambulacra or also mattered in the interambulacral 
areas. The main genus Fhijlhphorus (Fig. 80fi) has up to 20 le;iUcle8 
of varying size and scattered podia; it is limited to tropical and sub- 
tropical waters. 

18. Order Aspidochirota.— In this order the tentacles are of the 
peltate type and usually numerous (15 to 30. mostly 20). Pharyngeal 
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retva(*to)*9 are wauHti^, and the radial lotigitudinal muscle bands aie 
geneva) ly divided in two l)y a median coi men* live- tissue attachment along 
the nrabulaiTum (Fig, 64.1). The body bears numerous podia, including 
both locomotory and papillate types. There is a pair of well-de^'cloped 
respiratory trees, and the large intestine is attached to the right- ventral 
iiiterradius AB. In the family llolothuriidae there is but one tuft of 
gouaJinl tubules, attached to the left side of the dorsal mesentery. It 
is in this family that the rete mi ruble of the dorsal vessel reaches its 
highest exprosMicui, forming lacunar tufts along the whole length of the 
ascending small intestine and involving the left iv.^piratory tree (Fig. 

73.0, Cuvierian tnhules cmtuv in some members of this family (Fig. 
7\IJ Fy The llolothuriidae are mostly large, warty cucumbers (Fig. 

48.1, 8). common in tropical and snlitropicul waters. eBpe<4ally in the 
Indo-Pacific region. Typically, there is a ventral creeping sole bearing 
su eke red lo<*omotury podia, arrangisl in ihivc bands or without arrange^ 
meat (Fig. 48.1), whereas the dorsal surface is warty or papillate (Fig. 
48^), although other arrangements may ocTur. On opening a hole- 
thuriid, one is struck at once by the very long, slender tentacular ampullae 
encircling the ac|uapharyngcal bulb (Fig. 04 /j). The main genus Hole- 
thuria was monographed by Panning (1031 1030). who listed over lOO 
species; they are mostly elongated forms, of dull coloration, varying from 
white, cream, and gray to brown and block. In Artinopyga ( - S/iilkria), 
the creeping sole with lo<*omotory podia is very definitely delimited from 
the warty dorsal surface (Fig. 48.1, 8), and the anal opening is provided 
with five calcareous teeth (Fig. 4SC). 

The family Stichopodidae also has long tentacular ampullae (Fig. 
63 A) and an extensive rete mivabile involving the left respiratory tree 
(Fig. 74), but there are two gonadial tufts, one to each side of the dorsal 
mesentery. The main genus Stich^pus was monographed by H. L. 
Clark (1022), who recognised nearly 20 species. The species of Stichopuf 
are large, conspicuous, warty cucumbers, mostly of warmer waters, wit^' 
a warty or papillate dorsal surface and a flattened creeping sole bearing 
three bands of locomotory podia (Fig. 52.4 ). Para9tichopu$ is cylin droid, 
not flattened ventrally, and smaller podia appear among the dorssi 
conical warts. 

In the third aspidochirote family, Synallactidae, tentacular ampullae 
are wanting, and the stone canal opens on the dorsal surface, or at least 
the madreporic body remains permanently attached to the inside of the 
body wall. The haemal system is simple. The members of this family 
typically inhabit deep water and hence are known chiefly from dredging 
expeditions; many have been taken at depths of 1500 to 5000 m., but 
some inhabit moderate depths. Among the several genera of this family 
may be mentioned Pseu<fosiiehopus. Balhyplofes, Pelopali^es, and 5^"' 
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'r . , *''*'* “ Uplo4v^9pt<i infuur^^u: c/Ur 8. J?wnn- 

« r^m, 1 92 1 , ) C . iriAiu r# Auricularia. 1 4 d»y » old. ven i nl view. D. trAnsit ional Mge from 
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alldctes with two gonadia! tufis, and M esoihuria with one tuft. Pseudo* 
stichopus appears to be devoid of ossicles or nearly so, and a deep notch 
loads to the anus (Fig. $C(7). Bathijplotes (Fig. SGD) has a floating rim 
and a Battened ventral sole provided with podia along the latere ventral 
radii (B and E); the dorsal surface is papillate. The similar Pclopa~ 
tides is more flattened and generally bears podia along the mid- ventral 
radius. Synallacles has an elottgated, cyl indroid shape nith numerous 
papillae dorsally, arranged in longitudinal rows. In Mesolhui-ia podia 
occur over the entire body and may be better developed dorsally and 
laterally than on the ventral surface. An extensive study of Mesothyria 
inUsHnalis (Fig. 87 i?) was made by Haanen (1914). 

19. Order EUsipoda. -The Elasipoda are a group of holothurians 
of bizarre appearance, being provided with large conical papillae, marginal 
rims, tail*) ike appendages, and so on. They are often more or loss 
flattened, with pronounced bilateral symmetry. The mouth, surrounded 
by about 10 to 20 lent ados of the peltate type, is generally displaced 
' ventrally. The scanty podia are usually reduced to one or two rows on 
the flat ventral surface and lack terminal disks, also the usual ampullae 
projecting into the coelom. There are no pharyngeal retractors or 
respiratory tiecs, and the ventral mesentery supporting the largo intestine 
is displaced dorsally, occurring in the interradius BC, usually close to C. 
The clasipods arc all inhabitants of CHTan depths, mostly below \QOO m., 
and many dwell Ik? tween 2000 and 5000 m. On this account they are 
known only from the collections of dredging expeditions and arc not 
familiar to the average soologist. The most extensive account of them 
is that of Th^cl (1882), based on the material dredged by the ChoUengfr. 
Thdel, in fact, created the name Elasipoda, as well as most of the generic 
names in the group. .Among the many genera may be mentioned Dcima 
(Fig. o2D, E), with hard encrusted surface, a row of podia along ambu* 
lacra B and E, and large conical papillae arranged dorsally and laterally^ 
Oneirophanla (Fig. 87C), with two rows of podia along B and E end 
more slender, flexible lateral and dorsal papillae; Lactmogone, with a rorr 
of podia along B and E and a row of slender papillae along C and Pi 
Psychropoles (Fig. 49C), with a posterior tail-like appendage, a double 
row of small podia along A, lateral papillae forming a slight rim, and s 
few small dorsal papillae; Benthodyles (Fig. 53B, C), similar, but without 
the tail and with more numerous dorsal papillae; Euphronides (Figs. oOB< 
86 E), with a pronounced lateral rim made of fused papillae and with a 
few large doisal papillae, of which the most posterior one is unpaired; 
Elpidia (Fig. 53.4), with podia in a angle rmv along B and E and a few 
paired dorsal papillae; Peniagone (Fig. 53i>), with a sail on the anterior 
dorsal region; ScoKmnesoa (Fig. 88.4), also with a sail but with the pedi» 
clustered at the posterior end, making a fringe there; and Kolga, with i 



F>u. 82j-Lmbryolo«y (continued). A. Mfitul wolion of Urvn with ring cnnal dosed. 
B, inuturc dolioUrie. 3 dny . dd, (d. B. I.tpt^napta inhctnnt; t/Ur S. Biinntfrtfm. J927.) 
0. nCKUun of the flegellM^ l^iid <^cr Bninere. 1912). D-F. sttfosof the development of 
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K lob* oi hydroeoel; 14. water ring, 

;i • bydroeoteroeoel; 18. hydrocoel; 19. blastopore; 20, 

D d rSS V * ^ ' t' d ooniiUKoel: 22. left somatoeod; 23. oesides; 24. lobulated h,vdrocoel ; 
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reduced sail of a few, partially fused papillae (Fig, 8GF). An extensive 
account of Kolga hyalina, dredged in subarctic waters off Norway at 
around 20CK) m., was given by Daniellsen and Koren (1882). It is 
highly probable that some of these elasipods are bat hj' pelagic, as the 
various appendages such as the sails, rims, and tails appear to be floating 
or natatory devices. There is, moreover, an elasipod genus, Pclagothuria, 
that is definitely pelagic and has been taken floating on the surface, 
'rhroe Kp<‘cie8 of Pclagothuna are known. The first, P. naUUrix, was 
described by bud wig (1804) on the basis of 18 specimens taken in the 
vicinity of the e<iuator by the Afhalrosi in its explorations off the west 
coast of South Ameri<'a. Some were collected swimming at the surface, 
others were caught at unknown levels on the net as it came up from the 
depths. On a later cruise of the Aibotroftjs. 33 more individuals were 
obtained off Peru atul around the CJalapagos Islands (H. L. Clark, 
1920), so that the citature appears common in the eastern Pacific at 
low latitudes. Better know let! ge of the appearance of the animal in life 
\\&» presented by Chun (IIKK)), who was present at the taking of 11 
specimens of another species, P. hi<ixcigi. by the Valdivia Expedition 
near the Seyehelles Islands, and who gave sketches of the living animal 
(Fig. 87.4). At least some of these were caught in a clewing net at 800 
to 1000 m. Still a thirti sp<»eiex. P, bo uvieri, is known from a single 
specimen taken at the surface in 1005 in the central Atlantic west of the 
0 ape Vc rd e I si ands ( H (•nma rd , 1 OOfia ,1923). Thee ombi ned i nf ormat i on 
shows that PHagolhuria has an oval gelatinous body devoid of ossicles* 
Around the large terminal mouth is a circlet of tentacles with bifurcated 
ends; there are 13 to 1C such tentacles in P. natatrix, J4 in P. ludwigi, and 
20 in P. bouvicri. Shortly behind the tentacular circlet occurs the 
floating web or sail, supported by long, projecting papillae. This web, 
with 12 supporting papillae, is limited to the dorsal side in P. houvieri 
but completely encircles the body in P. nalatrix (papillae equal to the \ 
number of tentacles) and in P, hidungi (12 papillae). There are traces . 
of podia, and the stone cajial opens on the surface near the genital 
papilla (Heding, 1940). Pelagolhuria appears to float at a range from 
the surface to considerable depths. 

Several specimens of another pelade holothurian, Plank'iolhyric 
diaphana, were netted in deep water off the Cape of Good Hope and 
described by Gilchrist (1920). According to the unsatisfactory de- 
scription the creature was provided with tentacles and curious podia and • 
enclosed in an oval mass of jelly, hence presumably is pelagic. Heding 
(1950), on the basis of material secured by the German Deep Sea Expedi- 
tion, declares that Pclagalhuria ludwigi is identical with P. natatrix and 
that Planktothiria diaphana is identical with Pdagothuria boui-ien, which 
in turn is identical with Enypniaxtes ecalcarea. There is therefore but 
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one species of Pelagoihuria, namely, natal rir. Hodiug proposes that the 
pelagic holothuriaus, com prising P. natatrix, EnypHiast€4 (caicartc, and 
one other species of the latter genus, be 
* placed in a separate order of Holothu- 
roi dea , Pci ugot hii rioi dea . H ch] i ng ’s 
eonclusiotxs here must await evalua- 
tion by other holothurian specialists. 

20. OrderMolpadonia. The Mol- 
pad 0 Ilia arc mostly stout, relatively 
smooth eocumhers of sumo size, with 
the posterior regum usually narrowed 
to Kimulaie a tail (Pig. coniaiii- 
ing the elouguUH) clour a and 1 Hairing 
the anus at its tip. The terminal 
anterior end forms a flat circular disk 
provided with lo (U) in one genus) 
digitate tentacles, simple or with lin- 
gers (Pig. “)](!}■ The tentacles usu- 
ally have free lenlaeulur ampiillap. 

Uadial water euuals nre pri^sent, but 
IHidin nre lacking, cxcc'jit in (ii phyra- 
ihuria (pig. in whicli a few. 

widely spaeisi, very slender papillae 
orcur on the middorsiil inlerrudius. 

'Tile radial enuals terminate p<»steri- 
orly in small anal papillae. There arc 
no pharyngeal retruelors, and the 
longitudinal hands of the IhkI.v wall 
are dividi'il into two bunds (Kig. 75). 

» H<*spiratory trec.s un* present and also 
a well-develotM^il haemal system svith 
an exiensivn network In'twcen the dorsal sinus and the small intestine 
tVig. 75), at least in the larger ap^n ies. The gonad ix'cursas Uvo tufts 
of simple or brnnrhtHl tubules, He<*uuse of the lack of podia, the Molpa- 
dohia and the* .VpiMla are krnm'n as apotioits hololhurians and have been 
given a valuable treatment by 11. L. Clark (1907). 

The main gemis Molpatfia (* Ankyroderma, Trocho^^lomui with well- 
developed caudate region (Kig. 49/i) is eharactcrized by the form of th< 
tentacular digits; tlu-se occur as one to three side pail's and a large 
unpaired terminal finger (Fig. S8«). A good anatomical account of the 
Japanese .U. rarettii has been furnished by Ilatanaka (1059). Caudtna 
has generally a long caudate repon and four equal tentacular digitations 
(Fig, 51(7). An outstanding account of the New England ('andina 



Kiu. as. Kmbfyoloio (<»Kiiuue(b 
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arcriata was published by Gould (1896). Para^audina differs only in 
the form of its ossicles. Paracaudina chtlcnsts (Fig. 75) has served for 
excellent anatomical (Kawamoto, 1027) and physiological (see later) 
studies by Japanese workers. In .-lca«dtna the caudate region is lacking, 
and tentacular ampullae are wanting In Eupi/rgus, a genus of small arctic 
forms. 

21, Order Apoda. The .\poda, as the name implies, are totally 
wanting in podia, except for the tentacles- They are modified, vermi- 
form holothuriaiis with rough or warty surface. The tentacles, 10 to 
20 or even more in number, are simple, digitate, or pinnate; shortened 
pinnate tentacles grade into the digitate type. Tentacular ampullae 
are wanting, and the tentacular canals spring directly from the water 
ring; there arc no radial canals. Pharyngeal retractors are piesent in 
some Apoda. The longitudinal muscle bands are single strips, and 
unlike the state of affairs in other holothurlans, do not interrupt the 
layer of circular muscles at the radii, In correlation with the vermiform 
shape, the loops of the digestive tract are much reduced and even almost 
wanting, There are no respiratory trees, and the haemal system is 
simple, with do real and ventral sinuses connecting to lacunae in the wall 
of the digestive tract; the haemal ring supplies the tentacles, but radial 
haemal veswls are wanting. The gonad consists of one pair of more or 
less branching tubules that are often hermaphroditic. Characteristic 
of this order arc anchor and wheel ossicles. 

In the family Synpatidac there arc no wheel or si-moid ossicles and 
the tentacles arc always more or less pinnate; anchors with anchor plates 
are conspicuous in the thin body wall. Members of this family arc 
often excessively elongated and, when fully e.xtendod, may reach lengths 
of 2 or 3 feet. In some genera (Synapta, Sijnaptufa), there is found 
immediately behind the calcareous ring another supporting ring, called 
the cartilaginous ring, composed of dense connective tissue. Genera 
with well-developed pinnate tcjitaclcs, mostly about 15, as Sympta, 
Euapta (Fig. 490), and OphcodcMtna, are distinguished from each other 
chiefly by details of the anchors. In the mostly smaller genus Synaptuh. 
there are 10 to 15 tentacles, often short with few side branches. Synaptula 
kydriformis, with brooding habits, was extejisively treated by H, L. Clark 
(1808) (Fig. (^.4). Lcplosynapta contains a number of species of small 
to moderate size, with 10 to 13 pinnate tentacles, often somewhat short, 
and mostly one polian vesdcle, whereas the preceding genera tend to 
numerous polian \esicles. This genus is further characleiized by 
burrowmg habits. In Labi^oplax and Protankyra there are 10 to I2 
digitate tentacles, with three or four digits in the former, two in the 
latter. Anapta with 12 short pinnate tentacles tacks all the typ''®* 
synaptid ossicles, hn.inc only small calcareous bodies. Rhahdomolg«» 
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is provided with 10 simple tentacles; the small, red R. rubsr (Fig- 88C) 
has been well studied by Becher (1907), who regards it as a very primitive 
holothuvian. 

The Chiridotidae have short stout tentacles that tend toward the 
peltate typo; they lack anchors but are typically provided with six- 
spoked wheels (Fig. 55F) ; in the absence of wheels, conspicuous sigmoid or 
C-shapod bodies are present. In the main genus ChiruloUi (Fig. 89fi), 
there are 12 tentacles, and the wheels are aggregated into wheel papillae. 
The most familiar species, C. rotifera, is vi^'ipai ous, and the development 
of the young inside the coelom has been studied by H. L. Clark (1 910a). 
Taeniogijrus, with 10 or 12 tentacles, is also provided with wheel papillae 
but possesses large sigmoid ossicles in addition, lii Sigmodoia (« Sc<h 
liothia, Trochodota), wheels an<i sigmoid ossicles arc scattered throughout 
the hoily wall, not in papillae; there arc 10 tentacles. 

Anchors are also wanting in the Myriotrochidac, whose characteristic 
ossicle is a wheel with eight or move spokes, not iiggiegatcd into papillae. 
The members of this family are typically inhabitants of colder waters. 
They are small cucumbers with short tentacles approaching the digitate 
type. In ifrioirorhnx (Fig. 80.1), the wheels have 10 to 25 spokes, and 
triangular teeth point inward from the rim (Fig. 55 Jb')- These teeth arc 
lacking In Trochoderma where the wheels are provided with 10 to 10 
spokes and ornamented with knol>s along the rim: the wheels occur in 
several layers, making the body wall firm and hard. 

22, Fossil Holothuroidea. Because* of the slight development of an 
endoskcleton in the Holothuroidea, little may bo expected in the way of 
fossil members. The available knowledge tc^ether with an exhaustive 
bibliography was presented In 1932 by (Voneis and McCormack. What 
are claimed to be impressions of holothurian bodies have been reported 
several times in the literature. The specimens concerned in these 
reports are probably actually impressions of holothurians in two cases: 
Giebel’s description and figures (1857) of impressions from the famous 
lithographic limestones of Solenhofen, Bavaria, from the Jxirassic, 
and Broili’s (1926) finding of a fossil resembling a molpadonian from the 
Jurassic, also in Germany. In 1911, Walcott assigned to the Hole- 
thuroidca a number of fossil impressions of mid-Cambrian age, but 
H. L. Clark (1912) strongly opposed the holothurian nature of these 
remains. Ossicles of undoubted holothurian nature occur in the rocks 
far back as the Carboniferous (Etheridge. 1881), and ossicles obvious!.'' 
belonging to the .\poda were figured by Schlumberger (1889, 1890) from 
the Eocene of France. As Croneis and McCormack remark, the work of 
Schlumberger showed that the recent families Synaptidae, Chiridotidae, 
and Myriotvochidae were well differentiated at least as long ago as the 
early Tertiary. A numl>er of later reports on fos.'^l holothurian oariclcs 
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tig, * Juvenile rurumhem, dendroe)iir<»l«». A. ynunig of CMeuMa/i'a /ren/lnsa. with 
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oaiielca (tables): 5 . mid'ventrol water cwuol; Q, stomach: 7 . anu*«; 8 , fi:»t podium: 9 , later 
podia: 10. small tentarlci«: 11, papillae: 12. rows of podia: 18. creeping • 4 ole. 
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are available in the literature (e.g., Frentzcn, 1044). In 1939, MacBride 
and Spencer described, under the name Eothuria^ a test from the Ordo- 
vician of Scotland that they considered to represent a primitive holo- 
thurian. This test has five ambulacra of plates perforated for the 
passage of the podia, and the iutorambulacral areas are completely 
covered with small rounded plates. This fossil would seem to be an 
echinoid rather than a holothnrian. 

23. Asexual Reproduction.- Asexual reproduction by transverse con- 
striction into halves that regenerate has boon observed in several hole- 
t h u ri ans . Sma 1 1 1 ndix'id ua Is of C ucu ma ria pla nci brou gh t i nt o la b o ra tory 
aquaria were observed to divide in two in three cases (Chadwick, 1891), 
and one posterior piece again subdivided. In the same species, also 
under laboratory conditions, Monticelli (1896) repeatedly saw division 
Into two, sometimes three, pieces (Fig. S9D) by constriction, twisting, 
or pulling apart; the pieces so resulting regenerated perfectly, until 
til rough repeated suImIi visions they were loo reduced in size for survival. 
Crozier (1914) note<l under laboratory conditions transverse division in 
very young individuals (0 mm. in length) of ihfothuria paroula and in 
adult specimens of IIoMiuna s nr* no men sis (Crosier, 1917a). Out of 
440 specimens of the latter speeies col lee tod in nature, 23 were found with 
regenerating ora) ends and 27 with regenerating anal ends. As these 
regenerating individuals ivere about half normal size, it is reasonable to 
suppose that they represent cases of transverse division of this species 
under natural conditions. Crosier lurther found one individual in the 
field that had just undergone fission, as the halves were still connected 
by a length of intestine. In examining a collection of preserved holo- 
thurinns from the West Indies, Deichmann (1922) noticed a high per- 
centage of regenerating forms that had evidently resulted from fission; 
of 82 specimens of Aclinopyga difficiliB, 18 wore regenerating orally and 
24 anally, and of 123 specimens of Ifolothuria pormla, 43 were regener- 
ating orally, 41 anally. In both species the fission appeared limited to 
partially grown individuals. Regenerating specimens of //- parvula were 
also found in nature by Kille (1936). 

24. Evisceration and Autotomy.--lt is well known that under 
unfavorable conditions, such as fouling of the water, rise of temperature, 
excessive irritation, many holothuiians rupture and eject their viscera. 
The place of rupture and the organs expelled differ somewhat in different 
cucumbers. In the large aspidochi roles, as species of Holothvria, 
StichopuB, and Actinoptjga, the usual course of e\'ents is rupture of the 
cloaca foliowng contraction of the body wall, and the emission through 
the rupture out of the anus of the entire digestive tract (except the ends), 
one or both respiratory trees, and usually the gonad tubules (Domantay, 
1931; BertoUni, 1933a; Dawbin, 1949). Exisceration may also occur 



1^10. M.— Dentlwhlrol** (conliftuH). B»^dochjrol«. eladpods. A. epeclcs of Ptolut 
wUh five oraJ and five ana» x-atea (o/trr 1894). B. Ph^l^phorus urn«. M editor* 

roncan. witli ! 6 long and 6 slion tentacka. C. PtudoaticMattui. with anal notch (a/ter 
Fithfr. 1907). v^ HalKypiMft wUh fioaliAg rim (o/lcr S/uUtr. 1901), S. Buphronid^. 
dorsal view, ventral view in t'i*. 50ff. P. Kolga with amaJl sail. (.B. P. ajttr ffirouard 
1902.) I, ora) scales: 2. anal aeaJn; 8, aeales of armor; 4. sraall tontarlw; S. anal notch: 
fi. podia; 7, floattng rim: K sail; 9. anus; fO. papillae: 11. taiMikc unpsired papilla. 
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jb rough ruptures in the body wall as i» Hohthuria parvula (Kille, 1937) 

u!k1 I/ofothurin surinamm^is (Crozlor. lOlo). The process is somewhat 

(lifTevont in Thi/Ofic iriarfus and the related Phijlhphorus (Pearse, 1909; 
Scott. 1014; Domantay. 1031; Kille. 1035). Here body contraction 
I list ends the introvert which. lK‘ing thin-walled, soon ruptures, and a 
variable amount of visi'cra escapes through the rupture; the retractor 
muscles break, and eventually the entire anterior end including the 
acpui pharyngeal Imlh an<l assoc iated parts is cast off. There remains the 
body wall, the cloucn with attached respiratory trees, the gonad tufts, 
and the greater part of the dorsal mesentery. As discussed below, 
eviscerated hnlothurinn?* regenerate if kept under good conditions. 

The (juostion arises whether evisceration occurs in a state of nature. 
The finding i»r specimens with regenerating digestive tracts indicates 
that this may hop}H*n es|H*eially during the warmer parts of the year. 
Kille found 4 regenerating specimens among 65 Hohthuna 

floruhnn in summer in the Tort u gas region, and Bvrtolini (1032) at 
Naples noted regenerating intestines in UO of 119 individuals of 
rcijaliH during October hut saw none in spring. Ou the other hand, 
Dawbin tl94t)u) considers evisceration a rare prwess in Stiehopus mclHs, 
Australia, as only i\ cvis<*erat(*d specimens were found in 330 examined, 
and all of these had 1)ccn cast up on shores after storms. Minchen 
(1892) remarks that ejected vj«*cra arc often li rough t up by fishermen on 
Pitglish coasts. 

Suitable holotburiaiis may usually be caused to eviscerate by crowdinR 
tlium in standing water in an n<iuarium, and some will eviscerate in time 
under even the best lalwratory conditions. Various authors hav^ 
sought rapi<l means of inducing evisceration, chiefly by injecting choiW* 
cals into the coelom. Pearse (190D) injected about 20 different sub- 
stances into Tiitjofte briar f us but obtained only 19 evi see rations in 246 
specimens, chiefly with stiychniiie and methylene blue. Kille (l93h 
1935), using the same species, obtained rapid and dependable evisceration 
with dilute ammonia water. Strychnine and ammonia water have fail^ 
with other species. Domantay (1931) injected a long list of chemic»** 
into large aspidochirotes, chiefly Holothuria sanguinoienia and Slichopo^ 
chloronotus, but complete evisceration nith recovery was obtained onlj 
with distilled water, codeine, and turpentine; other substances when ataH 
olTcctive might evoke partial evisceration or powerful body- wall con- 
tractions followed by death. Distilled water was also used to go(w 
advantage on Stichopus mollis by Dawbin (1949a). Making a tear *" 
the cloaca evoked evisceration in Holothuria parvula after the foregone 
methods had failed (Kille, 1937). Subjecting the animal to an elcctrica 
current is apparently one of the best and most reliable methods (Kih^' 
1931, 1935, 1936; Bertolini. 1933a). 
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Evisceration i»< often calUnl autotomy in the literature, but this term 
is l^etter appUe<l to the pheiionionoti of self-M*paration of Ixxly portions 
that include the Ixxly wall as well as the viscera. Autotomy w-curs in 
synaptids by the constnetiixK of the bi»Uy into sliurt pieces (Fi«. 89E), 
either simultaneously or suceosively from the posterior end forward 
01. b. imy. IVurse, UKhl; Domantay. 1031). .Vs synaptids 

eannot rcRoncrato the anterior cud, all sueh pun-t^s die except the most 


anterior one. 

26. Regeneration. Aspid^sdiirotes and deu<lr<x ‘hi rotes have high 
powers o1 rojeeneratiou- FoIIohiur evi sir rat ion. the eourM* of regener- 
ation in species of Ifotothurio has Iwen studied by Ikatolini (Hi33aJ ami 
Kille (I93(>n 'Hie chatea and the esophagus each send out a hollow 
tubular outgrowth along the torn wige of the mesentery, and these meet 
lo become the new ditf<«slive tract in a.s little as 25 days. These tubular 
outgrowths consist irf the layers of llie digestive traet in simplihed form, 
und these later differentiate to the dehnitive eoudilion. Thus in species 
of ffohihuria. the layers of the digestive tract ww proliferated by the 
same layers of the stumps. .V someuhal different story obtains for 
species c»f Stirhojms (Bertolini, 1930, B>3la, U»3n>: Dawbin, UllUai that 
further regenerale mueli more slowly. Here the digestive tract is 
regenerated in place along the torn cslge of the im*»entery, wholly from 
the cells of the mcw'utery. A ihiekening api«*ars along this edge, a 
lumen develops in the thickening, and the walls of the thu keuing then 
(lifTerenliate into the layers of the digestive wall tFig, 90.1 l». The 
compleiiou and difTereiitiation of the digc'stive tract rei^uirx' some 4 
months, la both genera the respiratory trees an** as buds from the 
chmi'U. and the haemal Kystem U replan'd by arrangement of the cells of 
the mesentery into strands that hollow out. 

Kegeneration of a dendrochirotc following evisceration, as exemplified 
by Thyone briareus, has l>een described by Scott (1914) and KiUe (1935) 
In this spt'cies the anterior end is shed and the body wall then closes by 
mus(*nlar coni ruction and soon heals over by way of a con nee live- tissue 
plug that is continuous with the anterior edge of the mesentery. The 
digestive tract forms much as in Stichopua, by a thickening along the edge 
of the mesentery that soon hoUoxvs out and differentiates into the parts 
and tissues of the dige.stivc tract; but there appear to be cellular invasions 
from the two ends, which furnish the lining epithelium. The torn ends 
of the radial water canals grow fonvard and inward, and after budding 
off the tentacles unite to form the water ring. The pharynx has mean- 
time developed from the anteriormost part of the mesentery, where it has 
fused to the connective-tissue plug. The anterior ends of the longitudinal 
muscle bands split off branches that become the retractor muscles. In 
regard to the regeneration of the gonad, Killc (1939) has found for 



Fio. 87.— A»pidPchirot«, (concihupd). -4, Pelaff^huna fudviffi (of Iff 

J800). B. Mtsclhurio ihtettiftalU iafler HaoMen. 1914>. dor»9l vi«w, C. Onfirop^’^T 
mulabilu iofler Thiet. 1882). 1. 2. inputh: 3. w«b; 4. supportiAg pppillM of 

&. body: 6. 7. uua: 8. poiiU; 9. papilU«. 
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Th}j(me that the gonad grows from the gonad Use in Iho mesentery 
and will regenerate as long ks this base or center of proliferation remains 
intact, but not if it is rcmoviHl. This center of proUferation contains 
nests of germ cells. 

Bixly halves vi'generate foUenving nattiral transverse lission and al«) 
in the same ^pocU•s if the ImmI.v is artiluially trunsen-ted (Crozier. Iin5; 
Kiile, 1937). ToroUe (I909i jK'hormtMl Iran Miction experiments on 
six dendvoehirnte, thre-e aspidwhirote, and three synaptld species but 
never published a full report and gave only a brief aeeounl of results. 
ehicBy coneerning Curumaria ijruhii, IhUh halves oi this spcKUes regener- 
ate completely but a short anterior jHirlion will not eimiplete itself 
posierioviy, and if the IxkJv is IranM-etixl into thirds, only the posterior 
third regenerules into a complete mdividnul. Short posterior pieces, 
about one-sixth the Innly Icngtli. show<*d gr<nvlb luit had fulled to 
complete rcgonevatlon within the time limits of the esperimeuls. I.ongi- 
tndinal halves faikil t<» survive. Various sorts of eiils through the body 
wall heul readily. Apjmixmtly the <lendnK'hirolc*s in genera), except for 
Cuflumaria aiul 4jruiri. are unable to regenerate the cloaca; anterior 

halves of Thijonr hriareun alsc» faile<l l<» regenerate a cloaca iu Kille’s 
experiments (11l3o!. Synuplids have ptnir regenerative ability, and 
body pieces without anterior ends die; presumably anterior pieces can 
regenerate posteriorly (11. L. ('lurk. but eomplele <iata are not 

available. 


26. Ecology: Habits and Behavior. Apart from f*rh(/othuria and 
relatives and the presumuMy lia(hyp<*lagie elasip^xls thal an* provided 
with boating or swimming devices, the holotlmriniis are in general 
bcntbonic animals. They have sluggish hahits, often remaining in one 
place tor long pi^riods if conditions arc suitable. Some are addicted 
to rocky bottom, living eoneealod under rocks or coral slabs or tucked 


I into emviet^ and crunnh^. Some small species live among bunches of 
scuwep<ls, as Synaptula hytiriformiH (11. L. Clark, 1808), or among coral 
1) ranches. In warm shallow waters of tropical and subtropical regions, 


large aspidw* hi rotes of such genera as lloiothuria, SlictiOpu:i, and .Idt- 
nop'jga lie nrouiul by the hundrctls or even thousands on the sandy 
bottom, fully exposexi or slightly eoneealed by bits of shell and plant 
material. A goixl many hololhuriaus, including some dendroohi rotes 
and aspido<*hirotes. but mostly molpadomans and other apodous types, 
live wholly or partly bune<l in muddy and sandy bottoms. Thus the 
common Thyone briareus of the New Knglaiid coast is found buried in 
rmiddy bottom with the two ends protruding (Peauie, 1008). Molpa- 
donians such as CautHna arenala (Geroukl, ISUC), Molpadut rorelHi 
(Hatanaka, 1039). and Paracaudinc cAtfrnm (Yamanouchi, 1926) live 
buried in sandy or muddy bottoms with the body directed downward, 
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Ti// T^? (con<Iud^>. *aolp*donian». .pod^ns, 4, 

1®82). tcnti^lc o/ iofitr 0«j, »>//«« iforfR. J8S2>. C. 

domo/tfut r«fc<r IW!^. i>. Z.«6*rf»p/*/ f, tenUcIc of D. J* 

1923). <?. Lep«04*,««p,« H. teiUscIc of t?; 

«7, «, *• “•>: 2, mouth: 3. tontodw: 4. podio: &. intostme; 6, longjludi"*) 

mg«lo bond*: 7. cu^uJor mg«lo,: 8. popUJoe; 9. protiudSTcI.^;: iS Uni«ul.r pK*. 
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but dorsal side up at an angle to the siirfaro. ami the posterior t»p at the 
surface for respiratory purposi*s. Sviiaplids sti< fi as s|x*cnes of J.n>(0‘ 
H.,niipia (H. h (nark. 181)11: S. Runiistrom. 1027 1 .Npeud their entire hvo 
romplelely buried in soft Iwlionis. moving arouml below the surface. 
l'lie.se f>virrowing forms, when rermn od fiom I heir burrows and pln<-e<l 
on top of mud or sand, dig in again. Thtfom aecompli.shc.s tins by 
ploughing into the sul.strate dorsal Mde up through alternule circtilui 
and loiiglludiiial contraction-s until the middle region is buried: the 
|)r<H‘C‘ss rc<|uires some 2 to 4 hours and is facilitaKHl by nltachment of the 
po<liu to some s(»lul object, aJ»d t^omrauiUuis exhibit pro- 

hounccsl positive geotaxi.s; the heail curves do\vnwar<l ngalusl the sand, 
the tentacle's push the sand an ay, and the animal advaines into the 
substrate by tentacular uctioji pins circular coni ructions proi ecding from 
the anul region anteriorly, (••siperalioii of the tentacles with the 
th<‘ mnsenlur action is necessary, as animals deprivtsl of their tentacles 
cm mot lull row. The animal cotims lo n«st with the trunk ut an angle ol 
M) to .jO degrees with the surface, dorsal side up, urul the tall or caudate 


legloh more or Icxs vertical with the tip at the surface. Is(»luted cundalc 
ri*gh)ns exhibit negative geotaxis when burieHl, orient themselves verti- 
cally, NNith tlie tail lip np» and pnaanxl vertically until the tail tip reaches 
tlic surfnc{^ Specie's of hrptvutftiapfn also coinhinc teiituemlur an<J 
mu'ciilnr actiem in Imrrowing. They lirsl heael verlie-ally irdo the Hand, 
loosening it with their tentacle-s, I hen burrow aronnel Im*Iow the surface 
HI any elircedlon, eMrasionally sticking llie» hc'ad e*nd out. C’lurk has 
iioiicM'il that (he* ancliors are larger and more numinous in the posterior 
pari of the IuhI.v and are propptsi against the Inirrow wall to prewont 
backward slipping when circular eontrae'tioiis forc*c the anterior region 
eaiwititl. 'I'lic apmlous holothurian.s are more elficient liurrow<?i‘s than 
Thuviip, us f.v/ttosynaplfj advaiii'es through the kuikI at a rate of 2 or 3 
cm. per minute and can eompletely bury itself in 5 or 0 minutes. The 
Inrgen Moffuulia is .slightly slower, progressing downu'ard at a rate of I 
cm. per minute and getting into position below the surface in 10 to 20 
minutes. 


It was remark I'd by Semp(*r (1868) that many holothuvians are some- 
what nrsdurnal, fully expanding their teiilucles only at night. Stier 
;11W3> noticed tliut Thyone 6ri*areus is most active in winter from late 
nfl<*ri)oon until an hour or two after midnight and remains with tentacles 
partly contracted during morning and early afternoon; this daily peri* 
odicity is less marked in summer. An annual periodicity was reported 
for Siirhopu^s jfiponirnx by Mitsukuri (19031 ; thwapwics at the end of the 
breeding season in early ,Iuly retires to a dark sheltered place and remain? 
contructocl without feeding until cooler temperatures arrive in October. 

P«)ate holothurians (i.e., those provided with podia) are able to 
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move about by attaching the terminal disks to objects, but even podia 
wieliout disks can be omploywl in locomotion. Xs the locomotory 
function of the podia is liest investigated in the Asteroidea, discussion 
of it will be defeiTcd to the account of that class. The aspidoehirotes, 
especially those with differentia ted creeping sole, are able to progress with 
fair .speed, and even large .species can climb the glass walls of aquaria. 
Probal>ly some muscular action of the body wall Is also involved in their 





p’x. 

locomotion, but .S/.c/it.pi<8 panimensis observed by Parker (1921) appeals 
unusual m that obvious muscular waves, passing from anal to oral end, 
participate in the creeping, so lhal the locomotion resembles that of a 
gigantic caterpillar. ' At the beginning of a muscular wave, the rear 
end IS bfted from the substrate and advanced through longitudinal 
contraction, then the middle region is similarly lifted and adi-anced, and 
when the wave roaches the anterior end. the whole animal has been 
advanced by about 1 cm. These locomotory wai'cs pass over the animal’a 
body about once a mmute and enable the animal to cover a distance of a 
meter in about 15 minutes. No such locomotory waves were noticed 
by the author m several kinds of Urge aspidoehirotes under obseri-ation 
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in th« Bahnmu.; th.y aUvaucvU smoothly, sct-mingly almost entire y 
through the activity of the podia. DcnUroch.role holothumns appear 
diaincLcd to move ahon., and an a„..ar.um 
planci remained in the same apot for at Ic-ast 2 

Ihiu rim of the ereepinK aole of Psolidae .8 imxl K. . lamp itu- animal to 
reeks As already noted, th.' a|>odon.s holothuriaiis mostl.v Imrrow and 
have poor powei-s of I.K-omntion alien lemov.il from their l.uirowa, 
•rhey ran however, advaiue h.v using the tentaele.s us holdfust.s anil b> 
constrietions passing from the anal to tlie oral end. .yuapluta hydn- 
hrmU does not burrow hot r iami.ers about ou srainmls, pulling itself 
along by altaehiug the teiila. les to ol.jeels. uichsi by alternate coiitrae. 
nous and eloiigutinns of the b.sly museolalure. Il.ae, tuo, the aiuliors 

areexlensively employed in i liugingteiiaeimislytothe.seiiueedsiOlm.steil, 

11117). Yoimt; of l.i pfoK/imifpin t/iho/rms were nxiiKl't by 

CcwlolU) (M.)UW Kw'iminiiin nt iho nl iii»hl in Oh* WocxIs Hole 

rrKioo. Tho fully oxInmUsI Inwly m nirvocl inh. n I* >hu|>i\ nml the 
mi<UIU‘ vi%U)M luivaiuTs. xoniowhut aiinU-Ttsly. by l)u' HiuUicn 

U.insbinK of Hn* Ix-ly vinis aflnr ihn mnhn.T of I ho Krisw.s 

k k I )f « vv i innuns. 1' U s w i rn i ni i ik > x’li “ v io r ; i pj n hI s t rl 1 1 y 1 1 or 1 1 1 n I 

toul rouhl not br rlii ibHl in iUiy)i«hl hours rrm in iiicllvicluals plnrcd m 
{Invkiu'sH. 

Ah rc'Knrds fc‘<HlinK Inihits, llir ludoUiurlaii^ bill into Iwo ruto«orirH, 
jiUhoKtfh in hittU friMlIiitf is implrmriitrtl by tin* Irnlarlrs. I hr clnulro- 
(liirotrs aiT plankton fmirr.s. Whrn innlistnrlM^d ihry Hti'ctrh their 
trnlarirs to I hr fill lot rslrnt Into llir s<*a vvatrr or may Mvoep them 
(»voi the Kurfaro of thr snfwtratr. Minnlr c»rgaiiisms and drlvitus adhere 
to the t^'ntarU's throuRh murous sci*n*lion. One hy one, without definite 
order fnit mostly surriswlvely from more or le.ss opposin' sides, the loaded 
(ontarlesnre heiil over and thrust Into the pUuryiijt<'!il lumen, the mouth 

* rinses around Ihi* tonlacular stalk, and as the Icntacle Is pulled out, the 
ff KX i mu t erial mil ler j i 1 cm I is w i |>ed off 1 1 U o t he ph a ry n x . T1 le sm a 1 1 ven- 
tral teiiturles, when present, bend over the mouth and assist in wiping 
o(T the fornl and preventing its csc-aiM*. The stomoehs of seven freshly 
eolleelcd Thyour Urinmis were found to mntain protozoans, diatoms, 
nematodes, tilamentous und unieellular algae, eopepods, ostracod.s, and 
hits of plant material (IVarsi.*. UH18>. Pieees of algae, small crusUrean 
larvae, pieees of shells, ectopnxts, Foruminifera, Uadiolarla, diatoms, 

• and detritus eonstitntrd the eohtents of the slomaeh region of Mololhuria 
(Oomeii, ll)2()j. Xol! (1881) ohservod that crab larvae and small medu- 
sae adhered to the tenlaeles of a eaptivc Cuenmaria and were ingested. 
Syfmpttila /*y^/ri'/ermfs feeds cnliivly on aigne (Olmsted, 1917). 

Xondendroehi rotes in general simply shovel the surrounding substrate 
into their mouths by means of the tontaelcs. and burrowing forms sw'allow 
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the substrate as they advance through it. Such organic nutrition as the 
substrate contains is then digested out, and the remainder, not appreci- 
ably diminished in bulk, is voided after a considerable sojourn in the 
large intestine. When such holothurians are opened, shortly after 
collection, the small intestine appears relatively empty, whereas the 
large intestine is distended with a load of bottom material. A marked 
functional difference between the two parts of the intestine is thus 
indicated. In undisturbed conditions the ejected substrate may form a 
cone around the rear end of the cucuml>er, and some idea of the amount 
of sul>strate passed through a cucumber can be obtained by gathering 
and v'eighing these coites. This was done for Par<icondinQ by Yaraa- 
nouchi (1920) and Tao (1930), who reached figures of 6 to 8 g. per hour 
or 125 to HO pounds annually. Croaior (1918), studying the feeding 
of concluded that the ajiimals filled and emptied themselv’es of 

substrate at least three times daily and that the aspidochirotes present 
in A sound (1.7 srpiarc miles of surface) in the Bermuda region would 
pass 500 to 1000 tons of sand through their bodies annually. Ko dimi* 
nation of particle slao wcurrod during the passage of substrate through 
the animal, but the digestive Huid issuffieiontly acid to dissolve calcareous 
fragments. 

To general mo<’hanical stimulation such as contact, jarring, prodding, 
or other disturbance, holothurians respond bj' contraction. The ten* 
taeles contract, the body ends retract, and the animal in general shortens 
If the disturbance is of sufficient magnitude, the entire anterior end is 
drawn clown into the interior by the retractor muscles when present, or 
the tentacular collar closes over the contracted tentacular crown, and 
so on. Forma that live in burrows withdraw into the burrows; those 
that live partly buried with both ends protruding draw these end^ 
beneath the substrate and disappear from view (Grave, 1905; Pearse. 
1908). A similar general contraction is given to handling by man. \ 
These contractions are accompanied by the emission of water from the 
cloaca, so that the animal appears much reduced in size. 

A more detailed study of respoitsc to touch was made by Crosier 
11915) for HoioChurta $unnamen9i6, by Olmsted (1917) for Synap(»^ 
hydriformis, and by Yamsnouchi (1929a) for Paracaudina c/iilensis. 
All responses are negative except that in Synapttda a light touch on the 
outer surface of the tentacles evokes a positive icaction, a clingitig to 
the stimulating object, whereas in Motoihuria and Paracaudina a similar • 
stimulation causes retraction of the tentacle touched. In all three a 
stronger stimulus produces retraction of all the tentacles with or withoti^ 
the turning of anterior end away from the stimulated side. Eventually 
the tentacles are drawn down into the mouth, or in Hohtkuria tl^^^ 
tentacular collar rloses over them. Strong stimulation of the tentacles 
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Kiu. 90. * Kc^i<cru(U>u, ^ in *h« r«|c«nerittion of lli« intoatino 

of .Sticht>ttN4 BtrlMini, I93kh). A. nic««n(«ry immodia^ly after QV'i»c*eration. 

Bi liMue of nieaentery proliferatini. lumco formed. C. coelomic epitlielium organised. 
I). hitcstuie alnKist complete, lining epithelium organiied. B, F. rote tufts of Hetothtiria 
with ensj malic granulen moeing througlk tlieoi <^/er Bnri^un, 1902). 1. torn edge of 

mcMcntury: 2. lumen: 3. ceelomic epithelium: 4. coeloinocytes: 6, lining epithelium of 
iuteitliiie; C, inencntery: 7. ensymetic granules. 


• ut S/jnnpliiia results in the aiiimarg loosening its hold on the vegetation 
and dropping to the bottom. In Hololhuriat locomotory and papillate 
podiu were found about etjually sensitive but less so than the tentacles. 
Tactile stimuli evoke contraction of the podia to a degree dependent on 
the intensity of the stimulus. In the ease of papillate podia, the con- 
tractile filament is first drawn down into the basal wart (Fig. 55F) and 
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then the wart itself flattens down, ^'igo^ous stimulation of papillate 
podia close to the anterior end evokes contraction of the tentacles and 
tentacular collar prior to the response of the papillae themselves- Similar 
stimidation of a papilla near (he body middle results in contraction of 
this and adjacent papillae, followo<l by local contraction of the body 
wall by way of the circular muscles. The posterior end is more responsive 
than the body middle, although less responsive than the anterior end, 
and vigorous stimulation of papillate podia here or, better, of the anal 
papillae, evokes closure of the anus, retraction of the posterior end, and 
perhaps a turning away of the posterior end. Locomotory podia when 
pinched retract, even completely into the interior, and the stimulus 
spreads anteriorly* and posteriorly. Stimulation of the body surface 
between the podia produces similar effects, contraction of tentacles, 
collar, and nearby papillae, and turning away, when the stimulus is 
applied near the anterior end; but has little effect when applied to the 
middle region. Thu.^ the body ends are far more sensitive than the body 
middle, and on the ends the stnicturcs most responsive to tactile stimu- 
lation arc the tentacles, tentacular collar, and anal papillae. Similarly 
in Synaptula the body middle is insensitive to light tactile stimulation, 
but stronger stimulation evokes a local constriction with eventual drop- 
ping to the bottom. Here, too, the posterior end is more sensitive than 
the middle, responding by local constriction, bending away from the 
stimulus, and eventual shortening of the entire body and dropping to the 
bottom, depending on the strength of the stimulus. In Paracaudina, 
however, the entire body surface is responsive to touch although not as 
sensitive as the tentacles and tentacular region, including the genital 
papilla. Touching the anterior part of the trunk results in retraction 
of the tentacles and the anterior region; touching the body middle 
evokes a local contraction of the cirnilar muscles and if strong enough 
also of the longitudinal muscles; and the tail region responds to contact 
by shortening. 

Crosier failed to find any evidence of thigmotactic response in //. 
surinamen^Sy but in Thyone thigmotaxU plays an important role in the 
activities of the animal (Pearse, 1908). Here eon tact with a solid 
object immediately evokes an attachment response from the podia, and 
as already mentioned, such attachment greatly facilitates burronnag. 
In Synapftda the tentacles exhibit poriteve thigmotaxis, and this is 
understandable in vie^v of the animabs habit of climbing about in algae 
by attaching the tentacles and pulling the body along, Although expei'*" 
ments are wanting, it would seem that the habit of many holothurians of 
hiding under rocks and cramming themselves in crevices must be mediated 
through a positive thigmotactic response. Possibly this thigmotaxis is 
confined to the podia, which attach to objects even when cut off from 
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the animal (Croiier, 1915). It is obvious that pedate holothurians in 
nature are always so oriented that the locomotory podia remain in 
contact with objects. Burrowing apodous holothuriana must possess a 
general thigmotaetic sense over the entire body surface. This was 
shown for Paracaudina by Yamanouchi (1929a); the animal relaxes 
iviBd extends through decreased muscle tonus when buried but in a few 
seconds after removal from the sand hardens into a short rounded shape 
with definite demarcated tail region through increased muscle tonus 
Middle and posterior body regioas of Hynaplula react to neater 
.•urrents of varying intensity by body shortening; the tentacles and 
anterior end respond only to stronger currents, also bv shortening or 
eventually by looscnirig hold. 


As already noted, some hurrcnviiig holoduiriaiw exhibit a projiouncod 
positive gcotaxis, no doubt mediated by the sfuloi-ysts. II placed on 
an inclined surface, Leptoxynaptn crawls downward and reverses if the 
niclination is reverscl (H, 1.. Clark, 1899,. similar positive gcotaxis 
was noted by Huddenl.rock (1912) in the synaptid LM.hpUu ,hgiUUa 
(he gootactic response of these Inirrowing synapli.ls ,.ca«.s us soon as 
hoy have completely buried theinscives; in short, the stimulus to 
burrow downward .•onsists in ex|)osure of the boriy surface. Buddon- 

sand\ 'f <'nmpi<.tely enclosed in 

r!. ? > “"•notation of the tulHi, hut if the roar 

Tn^sr . ‘•’c anterior end downward 

I,f/W the orientation of the tulic «aa altered 

n / aracaadtna the anterior part of the body is positively geotactic hut 
the tail region is negatively geotactic. AnimL huriXl h the 

~ oSirw^irr' ** it 

from the horisontat and al^ lunL t nU. 

ends cut olT just behind th » ^ turned. Anterior 

headlcs body shows no respo,;srtoTrrvirylo£t^''T9t)"'‘ Wh' 

pronounced positive F“^‘her a 

cacumu, that lacks sfatocysts. ^hufJcTes 

git 'plaTe'tn'ing 
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definite geotactic response {Thyone, Pearse, 1908; Holotkuria, Crozier, 
1915). 

Holothurians in general right themselves when turned over, Their 
shape is such that, when placed on their backs, many tend to faU over 
to one side or the other, and the podia in pedate forms then take hold 
nnd pull the body into normal position; or else the anterior end will 
twist in such a way as to bring its podia in contact with the bottom, and 
this twist then travels along the aninaars length. As righting is per- 
form c<l by species that do not react to gravity, it presumably results from 
the positive thigmotaxis of the locomotory podia; but it might be pointed 
out that npodous holothurians also right themselves, possibly through 
the action of the statocysts. Righting obtains in Paracoudina {Yama- 
nouehi, 192(1) and in various synapt ids (Semon, 1887; Olmsted, 1917). 

The reaction of Pomcaudina to centrifugal force was tested by Yaraa- 
nouchi (1929c). When huried in sand and rotated horizontally, 100 to 
120 times per minute, the animal would be found with the head turned 
outward (centrifugally) and the tail inward and somewhat upward 
(ccntripetally). Xo alteration of position through rotation occurs in 
cucu miters killed by heat or in pieces of rubber tubing. 

The general nocturnal habits of holothurians Indicate a general 
)iegativity to light in this group, despite the fact that many species may 
remain exposed on the bottom during daylight. PeaiiH? (1908) found 
that Thy one would gradually move away from the lighted side of * 
container without, however, orienting its body uith respect to the 
direction of light, and when burrowing in glass containers, would stay 
away from the sides. It gave no reaction to increased illumination but 
would at once withdraw cither exposed end when subjected to sudden 
decreased illumination, i.e., a shadow. Paracaudina, on the other hand, 
does not react to shadow or decreased illumination, but any part of the 
body exposed to sudden increased illumination responds by contraction 
(Yamanouchi, 192l)a). Similarly, /loiothuria poll responds to sudden 
illumination of the expande<l anterior end by contracting this end, and s 
dash of light lasting only a fraction of a second is sufficient to evoke the 
response (Hess, 1914). Sensitivity decreases with repeated flashes and 
is greater in animals that have been kept in the dark. More detailed 
experiments with light were made by Crozter (1914, 1915) on Iloiothuria 
parvuia and surinamenHs and by Olmsted (1917) on Synoptula hydn- 
formii. All three species give a definite phototaetie response, turning 
and moving directly away from horizontal light. To spots of light shoiiC 
upon various body regions, response similar to response to tactile stimuli 
is elicited, namely, local contraction. The entire body is sensitive to 
illumination, but as in the case of other slimnli the two ends are more 
responsive than the middle. //, jtitrifiani/’nfdn also gives n shado" 
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reflw, showing no response to sudden increase of illumination but 

Although the s^dow reflex is best sho«-n by the tentaoles, foi- a single 
entacle «-hen shaded w.ll retraot. it can ako be elicited from the whSe 

“'r' f*'"'" 'he t«-o en<k. Isolated fiagments of 

iho tentacular crown ak„ give the sha.Iow reflex 

Data on respo.ise to temperature change are given (,y the .same authors 
lor the same speces p,„ved unresponsive to Ica.l ap, I ,•« o, 

o -t au‘i cold and m,gh. recover fro.n an exp.^ur,- of nearlj 3 hours 
0-3/ C. an< from frix'zing. t‘,traenn>lhm le.spoiids bs’ local c()nlraetioi. 
to local applications of .sea water hcatcti to (V} to 80^(’ nr flw. i 

oh'iJ'Si ruuacMl relaxation and Koficnlng 

■n hod. htr r ~ 

cuc^r^r : t ■" 

suhslaiK Cs; he was unable f,> c i ^ f""'' 

:i!= tr tr“? : tSt “fr '»'“•* ~ 
:r::! rs,;" .r 

'....face is responsive to 1, "T* ^ n’''?'"' body 

-1 .. vadetyV:;:.,,!: s:,i::t 

-l...ions, S„lu,ions wet. appliSwit : 

tl.e annual’s surface. To uraeli,.,.llv n.l i*^ . "1 ""'“y ^'om 

.. negative reaetion was give“ extef.dc-S 

body wall eontrael. forming a depression “"d I.smI aix-as of 

Similar to that fonnd for other stimuli nnmelv^'t ‘’7’i ” '>• 

»ior end, ,«.pilla,e podia, middh. n-gion Wds^^r'tr’' 
eirective of the .substances triwl »,.a i u the moat 

compounds the least erTeotivc Of thl^^ f organic 

bnnilarly Synaplula is sensitive to ehemieaU o7r 7“"’’ *7""'’ 

hut as with other stimuli, response^ ‘tl Tr ‘ 

anterior e.id, loss from the pwterior emi |7* 7™ 'ei.taeles and 

'I'he usual i cspoi.se of tlie anterior end <4 Jis» 7"* middle, 

nnd dropping to the bottom R detracting the tentacles 

rgaiiic sulistanre.s when applied in 
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suftoieni concentration. The decreasing order of effectiveness of the 
cations of the usual salts was potassium, calcium, ammonium, sodium, 
and magnesium. Contrary to the results with Holotkuria, Synaptula 
reacts vigorously to alterations of osmotic pressure, that is, to diluted 
and coil rout rated sea water. Pararaitdina is also responsive to chemicals 
over the entire surface, cspc<*ially the anterior end- Local contraction, 
forming a depression, is the reaction given to local application of 
adequate concentrations of acids, alkalies, salts, alkaloids, and narcotics. 
Cations of effective salts gave the following series: potassium, ammonium, 
sodium, lithium. When applied at the same hydrogen ion concentration, 
weaker acids and alkalies are more effective than stronger ones. Para- 
caudina is unresponsive to diluted sea water hut contracts on application 
of concentrated sea water. 

The foregoing data on salinity relations arc limited to local application 
of solutions of altered osmotic pressure. Pearae tested the survival of 
Thijonc in sea water of altered concentration. In slowly evaporating 
sea water. Thy one lived normally for about 3 weeks, then began to 
degenerate. In sea water diluto<l one-half or more with fresh water, 
Thyonc might remain in good condition and survive exposures up to 24 
hours, but fallwl to exhibit normal behanor while immersed in such 
dilutions. There was no recovery from fresh water or greatly diluted 
sea water. Thffonc may be found living in nature at the mouths of 
rivers in one-half normal salinity. 

27- Physiology. As regards the chemical constituents of holo- 
thurlans, most interest has been shown in their pigments and lipoids. 

A water-and-alcohol soluble, fluorescent green pigment can be extracted 
from the body wall of lioiothuria nigra and gri$ea (Cornil, Mosingcr, and 
Colon, 193 r>; Hierry ami Ciouzoti, 1937: Vi I lei a, 1951). It is usually 
mingled with a yellow carotenoid pigment that can he separated from it 
by ether. The green fluorescence is irreversibly diminished or lost in 
acid and alkaline solutions. According to Cornil, Mosingcr, and Calen, 
the pigment occurs as dark-brown granules throughout the body wall 
held in a protoplasmic film adherent to the meshes of a network composed 
of connective tissue and muscle fibers. They report that the pigment 
constantly degenerates and is cast out through the intestine and is 
constantly renewed. The researches of Millott (1950, 1952, 1953) 
indicate that the black pigment of the body wall of Holothuria forskaU 
and Tkyone briareia is melanin, that it originates from the spherules 
of coelomocytes deposited in the body wall, and that t^hese coelomocyfw 
contain an ensyme of the phcnolase type usually associated with the 
production of melanin. 

In a series of researches, Lonnberg (1931, 1934b) has shown the 
presence of fatty yellow pigments belonging to the carotenoid group. 
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inoluding xanthophylls, in a number of holotl.uriana and in the oranae or 
3 ’ello\v gonads of .l/eso//iHrfa rn/fs/fnofi*. .Maimnta (1943 1044 19.71 
also extracted ivith fat solvents the respiratory trees, mesentery, di’gestivi 

forsMi. lubulota. and pdii and found 
lipoid substances, including carotenoids, in all cases, in increasing 
amounts ,n the organs^., the order named. Lipoid substances constitute 
K to 1.5 per cent of the dr^- iveight of (l.cse cucumbers. Spectroscopic 
examination revealed the presence of l>eta carotene, xanttiophyll and 
Hstncino among the carotenoid.s present. .\n inlere.sting (inding ivas the 
g( ncral greater percentage of lipo.d snlxstancos in females than in males 
especially m tlic gonads. Small <,na.„i,i.. 

M f ,,c"mnr,« ^a,,a ami ruc.mh but none in Philhphonn urna or 
snc),0pu. ryh>. despite the r.sl color of the latter. The carotenoids 

1 » "•hii-li they are 

cl. I ergmann ( l-Mtl, Inu conccntratcl I, is research, ai on the occur' 
n,c of sterols m marine liivcrtebralcs. .Sterols arc fattv substances of 
he l>pc 0 cholesterol consisting of n l.ighcr alcohol nnilcd with a l.ctizino 
ni. c iimplcx and contaimxl in the misaponiiiablc fat portion of extracts 

crlchratis. ilololhniiaii.s contain a dclinite sterol (crm.xl stellaslerol- 
nii-i a higher alcohol, hatyl alcohol. ,va.s idci.titicHl in 

I’.7 "\Ia"nmmo’' "rj;.""''*'''’''' <-'-nmariu ?nfn?„cscn,fm 

A few other scattered chemical data may be mentioned. Glycogen 
appixiis to be absent m ciicumbera (Benazsi-Lcntati nun V 

m diluted kffl i A ” ‘Vhen immersed 
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mwliuni mu<lo isotonlo with M*a water and immersc*d in a medium kept 
isotonie but containing varied c'oiM'cntrHtions of ions passed both anions 
and cations e{|iially well in either direction and at the typical rates. 
Thus, of the nnion.s. chloride penctrattnl much more rapidly than sulphate, 
and of the cations, the decreasing order of spee<l of entry was potassium, 
sodium, calcium, ami magnesinm. These experiments indicate full 
permeability of the bcnly wall to water and salts. Similar results were 
nl>tainc<l by llenri and l^aUai (l<J03i with I/ohfhurui fubuhsa and 
StichopiiH r(Uj<tU$. In dilutitl sea water the coelomic fluid also dilutes, 
reaching an iH|uilibrium in about 4 hours, but no change occurs if the 
diluted external moditjm is brought up to the same osmotic pressure as 
normal sea water by means of organic substances. The body wall of 
cucumbers thus shows no resistance to alterations of osmotic pressure. 

It is therefore to Im? expect e<l that the cc celomic fluid of holoihurians 
is practically identical with sea water. This has been shown for a number 
of cucumbers ^Henri and I^lou. 1003: ('•arrey. lOOo; Botazsi, 1908; 
Okaxaki and Koizumi, 1920; Bialaszewics. 1932; Koizumi, 1935c; Parker 
and Cole, 1940; Cole, 1940), at least as regards the sail content. The 
coclomic fluid cliffers from sea water in some rosptwts, for instance, in its 
pi I value; it U almwt Invariably less alkaline than sea water. The pH 
of the coelomic fluid is given as 4.9 for male Paracaudinit, 4.78 for females 
(Tadokoro and Wntannbe, 1928). although Okazaki and Koizumi (1920) 
had previously report ckI 7.5 to 8.2 for the same species; 6.8 for /Jolothfiria 
grisca (Vi Mela. 1951); variously as 0-72 to 7.8 for Cucuinarin frond 09<i 
(Sarch. 1931 ; Cole. 1940: Parker and Cole, 1940): and 7.00 for Chiridota 
laci is (Cole, 1940); whereas sea w'ater generally has a pi I of 8,1 or 8.2. 
Coniw<pientiy the coelomic fluid has a buffering action greater than that 
of sea water (Oellhorn, 1927: Sarch, 1931). and the latter attributes the 
buffering action to the presence of carbonates and phosphates. The 
coelomic fluid further contains more nitrogenous material than sea water 
((icllhorn. 1027; Sarch, 1931). but apparently the nitrogenous material is 
not of protein nature (Howell. IHSob: Hofazzi. 1909). In Paracandina 
the researches of Tadokoro and Watajiabe (1928) indicate a se.Nua 
difference in the composition of the coelomic fluid; the content of nitroge* 
nous and sulphur compounds is higher in the male, that of phosphorus 
compounds in the female. On standing exposed to air, the coelomic 
fluid throws down a coagulum that consists of aggregated coelomocytcs 
without participation of hemocytes (Howell, 1885h, Millott, 1953). 

As the coelomic epithelium is ciliated, a circulation of the coeloiuH 
fluid may be assumed. In Para^udina the coelomic fluid circulates 
at a rate of about 10 to 15 mm, per second, dei>cnding on the interna^ 
pressure, which varies from 10 to 20 cu. ram. of water in the resting sta r 
of the animal, to 30 to 40 cu. mm. when the animal is digging, to a 
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maximum of 45 to 50 mm. uiidor cxtremp contraction. The coelomir 
fluid moves anteriorly along the middle part of the interior and pasteri- 
orly along the inner surface of the boily u-all; in the tentacles the current 
passes ton-ard the tip along the oral si.le of ll.o tentacles and l.asallv 
along their outer walls, 

rhe fluids of (he nater-vasi-ular and haemal .systems a|>pear similar 
to the roe„mic fluid so far as test.sl, allhougl, slight differences may 
obtain and they may show some lag in naiching e.|uilil>iiiim with the 

Sonae attention has l>«-n paid to the pro,M.rti.-s of l.olotliurian mu.scle 
espee.ally the longitudinal l«nds. In i Koizumi l-«->d)' 

these contain slightly less water (77 per eom. than the general IkkIv wall 
more potasMum »ikI soclinm and magnesium Hiiorldc 
and sulphate, Steinbaeh (l■«7, also not.-d a mneh higher potassium 
content of the retractor muscle of 77,,/o«c than that of sea water but a 
liet! passage of chloride Mivecn the mtisele and its medium The 
polussmm appeared coneeutra(,.d in the flbrils of the mii.scle cells The 
oMgiUidiual muselos of holoihurians leiigthen when weighted with a 
load eventually developing a resistance to further l.•UKfhelul.K and 
siorten when the weight is removed (Jordan, l!*M; Tuo, I!)27i *In an 

iictivii r‘ ’'T" hollow animals >c|„.»e shape and 

I ti It es depend upon an inner turgor balanced by a ri-si.stant. tension of 

\<< mf si' ; ‘■oi.elude.l that the longitudinal mnscie.s 

10 t ot shim the necessary resistamw to tension, siu,.e they tend to 

,irt.,4d p.,L “till T"' "rV”’ t”'”'’ •'>' 

Of hoiothurian* will not exhihit body-wall musculature 

- .. ;,™. ":s?z s:”r 
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under some tension, the longitudinal muscle will begin to undergo 
spontancoijs rljythmic contractions, after 2 hours or more in Thyone, 
sooner in Paracomtinn. In the latter, the rhythmicity has a rate of 0.5 
to 3.5 minutes. These and other experiments of Henri, Tao, and Buding- 
Inn show that the f) 0 <ly-\vall miiwulature is under nervous control of the 
radial nerves and nerve net. The longitudinal muscle bands are inner- 
vated from the radial nerves at all levels, for if a band is cut across at 
several levels and its radial nerve stimulated, all parts of the muscle 
contract. The radial nerve responds to drugs like the vertebrate 
nervous system. Stryehnine augments its sensitivity so that the merest 
touch on the body surface evokes a contraction of the longitudinal muscle 
of that radius; atropine diminishes excitability and anally abolishes the 
contraction rc‘sponse: and nicotine evokes a strong contraction that lasts 
.5 to to minutes during which the muscle Is refractory to stimulation 
(Henri. 1903b!. 

The longit\idinal muscles and presumably also the circular muscles 
are thus operated by the nervous system, and as all the activities of 
holothurinns are merely combinations of muscle contraction and exten- 
sion, they also are evidently under nerx'ous control. Although normally 
impulses are transmitted along the radial nerves from the nerve ring 
(for instance, stimulation of the nerve ring evokes contraction of (he 
longitudinal bands), it is probable that most responses arc not dependent 
on the presence of the nerve ring. Pearse (1908) found that the posterior 
half of Thyone would exhibit the usual reactions, righting, negative 
phototaxis, and shadow retraction. Similarly Crosier (1015) reported 
that Holothuria, deprived <rf its anterior end, would move about as 
usual and give a negative response to light; but response to tactile 
stimuli, although normal, was decreased in amplitude, and the righting 
reaction was greatly delayed. The cloacal part of holcthurians carries 
on normal respiratory activities when isolated from the anterior part. 

The orders DendrochiroU, .Aspidochirota, and Molpadonia are pr^>’ 
vided with a respiratory system in the form of the pair of respiratory tre«. 
As is well known, these are aerated by a rhythmic pumping action of the 
cloaca, and therefore it ia necessary in cucumbers with respiratory trees 
that the anal end of the animal be kept freely exposed to the sea water^ 
The most complete account (rf the physiology' of the cloaca is that o 
Crosier (1910) for Holothuria ^rinomensis; studies have also been made 
on Thyone hriareus by Pearse (1908) and Budington (1937) and on 
Paracaudina ckiUn$ii by Tao (1927, 1930). The normal sequence 
events is as follows. The anal sphincter opens and a wave of expaiisio 
that draws water into the cloaca travels anteriorly along the 
through the contraction of the cloacal suspensors and relaxation of 
circular muscle fibers of the cloacal wall; the anus then closes, the 
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«-ail contracts, the entrance into the main stem of the respiratory trees 
opens {while the exit of the intestine into the cloaca remains closed) 
and water IS forced into the respiratory trees. The water is then expelled 
by a reversal of these actions, assisted l.y the contiaetion of the trees 
themselves. The respiratory trees. ineli.dii.K the terminal vesicles earrv 
on stroiiK rhythmic eoiitraefions, so that «ater is forced out of even the 
terminal xe.si.-les at each ex,,iralioi.. The respiratory frees respond to 
otal stimulation by a strong local coiitraelion, and isolated portions of 
f ‘V "how m«vementsf<wU>i,Kperi(Kl.s (Henri, 

Hmd, Ifudmg ton I!W,,. In llololh.nia the cl, meal ptimping is cyclic’ 
ill the undistuibod animal there is a succession of C to 10 inspirations at 
intervals of I ,,r more minutes, tlien a pause with the amts held widely 
open, dnrniK wineh water is ex|«.|l.al, in a viKorous expiration. At some 
(oric in evory fnnr tn ten in Pumututtina 


of Jhc (‘x pi rat ions, foe 


HI,... ••••-, ... ..I, iv(*t*s /irp 

expell<-d hxpiratinns may In- a,s.ompai,i..,l by .]e redaction and 

1-nt in / evonc, aecoixliUK to IVars,-. naler is exin.ll,..! after each inspi’ 
ration (.roaicr has shown for several liololhniiaiis that Hie rate of 
cloaca pnmiiniK .s more rapid ikt unit site or w.-iKht, the .smaller the 
animal If eloacal pumpn.K is pn-vendsl for some lime be prnddins 
Ihi posterior end into u slate of . ontruelioii, the jnimpinK when resumed 

"vis‘!,.r'"i"l '-'If a amplitude 

\h continuous, not intemInf^K^ hv r of isolated ends 

more ontenor levels of the animHl controlled by 

periodicity was also oJ«crved in isolated .P«^«atmn without 

fromlom by Wyman and Lutz (mO) and in S'r 

and may be as^ump.! f.. i .S^icAopMs by LuU (1930) 

genera/ The ZlJe 

anterior part of the cloaca formd • apparently originates in the 

The cloacal wall itself wil, not puLsate if isolated from the corre- 
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.spondiiiK body wall or if the cloaca! suspi'iisors arc cut away. Conse- 
quently cloaca I pumping originates in and is controlled by the nervous 
system of the adjacent body wall, and the nervous impulses reach the 
cdoacal wall by way of the .stisponsors. Areas of cloacal wall of Thyone 
attached to either iiiterradial or radial pieces of body wall will contract, 
but more rapidly a ml in more orderly fashion when the radial nerve is 
prc.'H'nt in the attached body vvalL The extreme posterior end including 
the anal sphincter may pulsate when isolated. 

butz (1980) experimented with the effect of oxygen supply on isolated 
longittidinal strips of the cloacal region of Siichopxn. In running sea 
water such strips l>eat regularly for hours, at first with increasing tone 
ami amplitude, later with gradually decreasing tone. In standing sea 
water or in water of decreased oxygen content, the amplitude increases 
tor a time and the beat becomes intermittent, with periods of cessation 
of Increasing length. If the oxygen content is too low or in the presence ‘ 
of sufficient concent ration of cyanide, the tone and the amplitude fall 
at once and the pulsation soon ceases. Thus a certain degree of oxygen 
lack increases the amplitude of the contractions, i.e., leads to more 
vigorous pumping, and initiates an cxpirational pause, presumably 
assoclntecl with a stronger expiration. 

The ciTw't of various drugs on the excised cloacal region of CucumariQ 
frondosa was tried by Wyman and Lutz (1030). Under normal con- 
ditions .such i.solatcd regions of course pulsate rhythmically without 
perlodn* pauses. Adrenalin decreases tone, amplitude, and rate, Physo- 
stigmine. nicotine, and histamine cause a progressive rise in tone, but a 
gradual decline in rale and amplitude- Curare, strychnine, and atropmc 
decrease the amplitude progressively and lead to cessation of pulsation, 
whereas piIcK*avplne Is without any effect. 

The ivspiratory trees are watertight, in an opened preparation ^ 
retaining the digestive tract and respiratory trees, Henri (1930d) injected \ 
colored sea water into the main stem of the trees and found absolutely 
no passage of color through the walls of the trees, although the Isttcr 
carry on strong pulsations for hours, th»is putting the contained fluid 
under pressure. Henri and Lalou (1903) state that the respiratory trees 
are perfect semi permeable membranes and do not pass chlorides, sugar, 

sulphates, or urea. , 

That the respiratory trees constitute a respiratory mechanism woulo 
seem to be obvious, yet this has been doubted by many of the older 
observers. Bertolini (1933b) anesthetized Hololhuria tubulosa by means 
of deoxygenated soa wafer and injected reduced methylene blue 
into the coelom. When opened about 2 hours after such cucumbers ha 
resumed pumping in aerated sea water, the coelomic surface of t e 
respiratory trees was found colored deep blue, an indication of the passage 
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of oxygei, through thoir walls. Th. rot., was aU colored blue so that 
apparnitly the haemal s.vslem takes up oxygon from the coelomie fluid 
The close association of the reto with the adja<'ent respiratory tree is 
thus explauied, Bertolii.i (ia34,l det.s-ted catalases hut no peLidas^ 
or indopheunloxidase in extracis of the i-ospiratorv trees ^ \ better 
proof of the respiratory function of the ^-spiratorv irees had heel fur 
iMsheel hy W intorstein (liKW,. who foun.l that the o.vvgen consumption of 
cucumbers is rodueed by .-,0 to f.) pc-r crmt it the anus i.s co,^^ ,ra 
rubber membrane and so prevent.Hl from taking in wafer Thirlro 
™ ''TP '>"<<>■ “">1 tentacles to their fuLt 

'o'UKl-, wasobtaiuH by Ti o^ “■*" “ <’■01 

dcwtidont tm thrn <'*^>»«Mn|)tion of Paracavdina ix 

'•tiiiHumv oxygctj at the same rato i.n»*» «k ‘ contjnues to 

)m.s fulln, to about 

wr, ix murkedly uITccImI hv th.. « • i-. n rat ion value. Ihyone, how- 

consumption .steadily falls as^he aeidilv'of the'' "’J'*"""’ 

pll 8.8 to pi I 5 ,.|. * mHium IS increased from 

'Tr - 

factor in all activities. They further are" ’ "‘ '* “ important 

(see below). ^ cxeretory processes 

Xot much information is availahir «k i . 
in holothurians. It auDears thlf ^ of the blood 

(Kiiniriics, 1902; llcnri lyosd- IC ** contractile 

accompanies the curve of the intccfl. I ^ ^ 

^he dorsal sinus, prim forward 

■>f l.on. is given as 10 to 12 pe m tufet iZ ^ho rate 

ptr iTHJiute by ifenn, once or twe per minute 
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by Kawamoto; Prosser and Judson found that the excised vessel 5 cm. 
long, suspended in a moist chamber^ would beat 4 to 5 times per minute. 
The beat, however, varies much with conditions and, according to 
Enriques, attains its maximum value when the vessels are moderately 
distendo<l, and reduces to a minimum or is scarcely evident in a collapsed 
or greatly expanded condition of the vessels. This author associates 
chatiges in the degree of expansion of the vessels with the progress of 
digestion. The only account of the course of the circulation of the blood 
is that of Kawamoto (11)27) for Parocaudina. In this form the blood 
runs from the intestine through the haemal network into the dorsal sinus 
(consult Fig. 7o). The center of contraction is the main part of the 
dorsal sinus, where its main trunks form a Y arrangement. This beat 
drives the blood mainly along that part of the dorsal sinus that accom* 
panies the ascending intestine. The blood then passes through the 
intestinal walls into the ventral sinus and through the communicating 
sinuses to the anterior part of the ventral sinus that accompanies the 
descending intestine. Here it p&stws through the intestinal walls into 
the haemal network again and also n.s<»ends to the haemal ring, from 
which the blood is distributed to the body wall by way of the radial 
haemal channels in the ambulacra. 

The beat appears to be of myogenic nature. It is accelerated by 
ndrcnaliti but slowed by atropin (Wyman and LuU, 1930) and inhibited 
by physostigmine, nicotine, tetramethyl ammonium bromide, and by 
acetylcholine in very dilute solution, Electrical stimulation of the 
contractile region causes a local contraction but does not affect the 
pulsation of the rest of the vessel {Henri, 1903d), a further evidence of 
the myogenic nature of the beat. 

The physiolc^y of the digestive tract of holothurlans has been studied 
by a number of investigators but is not yet well understood. Large 
aspidochirotes are usually employed, and as these will not feed in ca(>~ 
tivity, difficulties are at once introduced into the experiments. The 
feeding methods of cucumbers were described above, and it appears that 
these animals subsist on very small amounts of nutrition. The time 
required for the passage of food through the digestive tract was estimated 
at about 3 hotirs for Elichopus by Crosier (1918); by injecting carmine 
into the animal’s mouth, Olmsted (1917) colored the food and found that 
about 20 hours elapsed before the colored feces were emitted by Si/naptulo> 
According to Yamanouchi (1929), the time is much shorter for 
caudina, only 2 or 3 hours. The food is carried along the digestive tract 
by the usual peristaltic waves, and the isolated intestine suspended m 
sea water or balanced salt medium will continue to show peristalsis for 
some time (Olmsted, 1917; Schreiber, 1930) but thereafter rapidly 
deteriorates. In Synaptula (Olmsted. 1917) the peristaltic waves occur 
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at intervals of 2 seconds in the intact animal, 3 secondg in the isolated 
digestive tract, and are much affected by the salt content of the medium. 

The digestive tract of the feeding animal contains a yelloviah digestive 
fluid that 18 acid in reaction and gives off a strong aromatic odor In 
the captive animal that has ceased to feed, the fluid loses tliese properties 
in 2 or 3 days. The reaction of the fluid is given as pll 5.1 to 5 G for 
Ilololhuna (Oomen, 19201,); 7.4 to 7.8 in the stomach and 7.0 to 7 6 at 
the beginning of the intestine to 7.7 to 8.2 near the end for nyone (Van 
del Heyde, 1922h); o.O for llolotkuria (Schreiber, 1930); 4 8 to 5 5 for 
.VicAopu* (Crosier, 19181 during digestion hut 5.2 to 0.5 in empty 
animals; and 7.3 to/./ for />aro<a«rfi„a (Saivano. 1928). Both the odor 
and the acidity arc attributed by .SchrcilH.r (1932b) to the presence of 
unsaturated fatty acids, \arious ensymes are found in the digestive 
tract and also in extracts of its wall. In Thyone. Van dcr Ifoyde (I9'^2h) 
lepoitcd a protease acting on gelatin and egg while, and an invertase 
hut no amylase or lipas... The dig.^iive fluid and intestinal wail of 
//ololhuna contain a protease that hydrolyses peptone, gelatin fibrin 
and caseinate, and increases in activity with increased alkalinity of the 
medium (Oumen. 192(ib); there were also present in the juiec and Ltraets 
an nmylase that would hydrolyse glycogen, sa,. charge, maltre and 
s aich, acting best m an acid mc/iium at G.fi, and a weak lipase’ In 
gycerin c.xtract.s of the digc-stivc tract of Hololhuria. Cleric (1904) 
nlentilied amyla.se, invertase, and a weak lipase but scarcely any protease 
Kawano 1 .128) tested the enzyme content of the digc.stivc flnid^aL water 
and alcoholic extracts of the ground wall of the digestive tract of Para 
rau,Hna an/I found lipase, amylase, mallasc. invert^ gly«‘SenaL and 

su^lX7^ .^"^'1‘1''^ Appaienlly holothurfatis arc ’ weU 

supplied nitl, carl,.,l,ydruU-/liKc»ling enzymes and usually contain a 

s •” ■“"» ■" "."i™, i.«. 

XrShl'"' u'ir 

pcrmeal,le to water in hottTdiwai'o.w b.itTs"abl^ulli*' 

-•hlorides, glucose, sulphates, urea dy« such 

trypan blue, pentose, and saccharose (Henri 7^ I f ^ 

I02()a; Schreiber, 1930). Thi.s observation 1903; Oomen, 

the digested food reaches the body tissues- to th^ how 

and unexpected answer has been returned i,v^ » very strange 

It was noticed by Frelzd f k- f 

wall of the digestive tract of seve^\ri ‘*6ical preparations of the 

of the tract is full of am«b^:rtl'ritS 

amoepocytes with spherules traversing the wall and 



228 


PayiVM ECHISODERMATA 


pushing through the lining epithelium into the lumen. This author even 
thought that the gland celts figured in the lining epithelium by Hamanu 
and othei's (see Figs. 69/1, B, 70.4) are in /act amoebocytes with spherules 
oauglit mo\'ing through the epithelium, but this view seems a little 
extreme. It was suggested by Enriques (1902) and more or less verified 
by Oomen (1926) and Schreiber (1930, 1932a, b, c) that these amoebocytes 
both carry enzymes into the digestive tract and cany away the products 
of digestion (Fig. IK) A’, F). The work of these authors indicates that 
the digestive enzymes and the fatty acid of the digestive fluid are secreted 
by the coclomic epithelium of the lacunae of the rete. It has been 
noticed already that this epithelium is packed with spherules (Fig, 76C). 

It was shown by Enriques that extracts of the rete are acid and contain 
the same sorts of enzymes as the digestive fluid and wall and that the 
<'ontent8 of rote extracts vary with the nutritional state of the animal. 
Schveiber has described the partial destruction and regeneration of the 
coclomic epithelium of the rete network in the removal of the secretion 
sphorulos from the rete into the haemal s^'stem by the amoebocytes. 
The work of these authors further indicates that the products of digestion 
are picked up by the amoebocytes and carried into the haemal system 
for general distribution, As the wall of the digestive tract is perme- 
ated with lacunar spaces directly continuous with the rete and the main 
channels of the haemal system, a direct route is available to such loaded 
am«M*b<Hytcx- 

If intact holothurians arc placed in a container of sea water to which 
has been addwl a little milk or dye (congo red, methylene blue) or yeast, 
and opened later, colored particles or fat droplets and casein strands or 
clumps of amoebocytes with ingested yeast cells are found in or on the 
respiratory trees, on the rete, and in the coelom; hut nothing in the 
digestive tract (Enriques. 1902; Oomen, 1926h; Schreiber, 1930), Evi- 
dently such material may enter in the respiratory eurrent and pass < 
throvigh the walls of the respiratory trees into the coelom, but as the 
respiratory trees are impermeable, presumably such transport is accom- 
plished by amoebocytes, although Schreiber thinks the particles arc 
sc^ueezed through the end vesicles of the trees when these contract 
strongly. Whether normally cucumbers obtain food from their sur- 
roxnidings in this manner remain problematical. 

Reports concerning excretion and nitrogenous wastes in holothurians 
are scanty and often contradictory; a summary is given by Delaunay • 
(L931). It is generally stated that the coclomocytes and the respiratory 
trees play an important role in excretion. In (he Apod a. a group that 
lacks respiratory trees, India ink or carmine particles injected into the 
coelom are ingested by coelomocytes, which then proceed ijito the urns 
and through these into the body wall (Schultz, 1895; H. L. Clark, 1899^* 
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In boiv^hu rift 115 without urns but provided with respiratory trees the 
coelomocytes that ba^'e ingested such particJes migrate through the walls 
of the respiratorj' trees and are eliminated in the expiratory current 
(SchulU, 1895; Bartels, 1895; Bertolini, I037j. Uordas (1899) observed 
that the expiratory water contains numerous amwbocyfes of the type 
with brown granules, and both he and Schultz (18Doj noteii crystals in 
the walls of the respiratory trees, rdentilied by thoir shape as uric acid 
and urates. Bertolini (1937) found that soluble dv^-s iniciii-d into the 
coelom w'ere eliminated directly through the respiratory trees, intestine 
and gonadial tubules; hut particulate dyes were ingested by coolom(x-ytes 
that migrated into the lumiria of the three oi^ans mentioned und were 
thus elimiimu^d to the exterior Mlllott (lir,t)i InjeettHl iron saccharate 
into the coelom of Thyont and oliservwl that am(K‘f>(K-vtes ingested the 
particles W'hieh were then eliminated by way of the dcoira. fn coii- 
hrmution of Berlohnr, Millot found that methylene blue Injertwl into the 
ror om vvn* rapidly elimi.mled l.y ih. „«pirator.v tr.^s. i„,, and 
body wall. It thus appears that In hololli.irinns. tlip l.mly wall rospira- 
tory troos, dwstivc tra. t, and gonads all partiripatc in tho elimination of 
nnwanK-d maler.als ami that e.x-lomo..yl., ,.„„vey the materials in 
many eases to these sites of elimination 

It appears definitely eatuhlishci that hoiotl.urianH pr.Hlu.e nitrogc- 
iioua wastes, but the amonnU are so amall that eontra.lietory re.snlu are 
.)ftcn reported, hea water in ^vhi.•h Imlothurians have lived for 24 hour,s 

11)20, 19.34 . and an ording to this author, the aohii.le exereled nitrogen 
mainly m ammoniueal form, but «ome u.ea and purine idtS i" 
present, whereaa unr acid is at«ent. Sulima (1914) also failed to find 

\aeJ5h (1J2G) rrporlod the aWnce of urea, uric add creatine and 
'•H'atirnne in holothurian exlraels: Van der Ileyde (1923) cluld not 

toll, «•».., 
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system covers more than Its usual function, and that amoebocytes play 
a remarkable role in the economy. 

28- Ecology: Geographical Distribution.— The holothurians inhabit 
all seas and all depths from the intertidal zone to the greatest abysses. 
Apart from the floating or swimming clasipods already noted, they are 
primarily of henthonic habits, and although in shallow waters they may 
occur in rocky crevices or under rocks, the majority are found on sandy 
or mucky bottoms. lying upon the bottom or more or less buried or 
concealed. As in the case of crinoids, the Indo-West Pacific area appears 
to harbor the richest holothurian fauna. Large a spi doc hi rotes of the 
genera l/ohlhuria, Stiehopus, and .\ctinop^g<i arc conspicuous elements 
of the fauna there. In an account of the lit (oral holothurians of the 
Indian Ocean, Koehler and Vancy (IflOo) listed 51 species, of which 27 
arc aspidochi roles, including 21 species of /loMurfa. In his record of 
a sojourn in the Philippines, Semper (1808) gave colored plates of some ' 
of the common species of lioiofhuria of the region. H. L. Clark (1921) 
in his study of the echlnodcrms of Torres Strait, located in the heart 
of the Indo West Pacific area, noted a large number of species of Holo- 
Ih^iria; among those common in (he area may be mentioned Hohfhuria 
arcnicola, alra, coluber, difficitis, edulis, impetiens, leucospihfc 

(- roi?o6«nda), marnioraia, pardclis, pervicax, and scabra. Other 
common aspidochi rotes of the Indo* Pacific include Siichopus chhronotus 
and variegatus, ThcUnola (« iSffrAepus) anonas, and AcHnopj/ga mauriti- 
ana and milinru. Deud roc hi rotes of the area include a number of 
species of Cucumaria and Pentaeta (- Colochirus). Other species listed 
by Clark as common and widespread throughout the Indo*Pacific area 
arc Synapta macuhla, Chiridcta n’gido, Pseudocucumu actculus, Para* 
caudina chilcnsiSy and Molpadia mutculus, A rich collection of shallow- 
water holothurians taken by the Siboga in the Ketherland East Indies 
(Sluitor, 1901) included 38 species of I/otothuria, 5 of AcHnopi/ga, 5 of 
StichopuSy 17 of Cucumaria, 7 of Thyonc, 8 of PenlacUt, 2 of Chiridota, 

2 of Pseudocueumis, C of PhyUopbortiB, 4 of Euapia, and 11 of Chandra^ 
cloca (a synaptid), The most <*omraon l/ohthuria species were atra, 
eduliiy impatiens, scabra, leucospilola, pcrdalis, argu9, and monocaria. 
Other common species in the col lection were Aefiuopyga mtViam and 
macula la, Sftchopu$ chhronoiut and mriegatus, Cucuman'a imbricata, 
Thyonc sacellus and ccsfunca, Pcnlacta lutcus, doiiofum, andquadrangulans, 
Pseudacucumis africana, Molpadta mbrum and perforata, BuapUi glabra 
and grisca, Ckondrocloea hetea, beseiii, and relirulata, and Chiridota 
rnifcscens. The Indo-Pacific shallow- water holothurians have extended 
onto the Australian coasts where H. L. Clark (1946) lists 158 species; 
among the more common ones are met the same species of Holotkuria, 
Actinopyga, and Stichopus named above, further TheUnola ananas, 
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P^^ina MUnHs and aMh. Synam macuhla. Leptosynavla 
dolabnStTa. Chindota rigida. and Sigmodola rocbucki. ^ 

A similar littoral holofhurian fauna occurs throughout tho world in 
tropica and subtropical waters, and some species, such as Hololhvria 

4 , »“"’aiian Islands (Fisher 

Si A mavnuana and HololM<, aim; also abundant arl 

Holothuna pen-teax. pardalh. impalicm. and poren/a. Of the 45 snecies 

slands and the rest are common tropical forms. A very larae svnantid 

soecIlJ^Tl TT'"’ characteristic iLSal’ 

species. The shullow waters of the West Indies and B.-rmuda are also 

dominu.H by large aspi.lochiro,... mastly not of same species a, thte 

wuo! common form:. (Jl I Clnrk im 

HH2) may be mentioned /l.M„.riaruba„a. tniM-Vn* arcnfclrl ja 
siinnowcnsis, glalirrrimo. ijrisra Borulann S„\ . • 

on rocKy Ooltom. SttchopuzfuscuzxA tvpicoi to the south ^^. .. -/ 

farr:r'V"“'“^ v:i, : n: : 

i^Sii 

Srsm s :rs= 

Mneo both divelling in coralline algae, the lar^^dll^r T"'' 

(= mimato), the whitish C. Quinouczcniifa r* a t i ^ 
small black C, vxgae from Alaskan watem The ^Ids'' 
by the red P^tu, chitinMxx. and the synaptidibv ^P^^ented 

or at least a closely similar species ^ hy Lepto,j,„apto tnAaer^s, 
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ProceediDg lurther northward and around to Japan, ona finds some 
of the foregoing species extending along Alaskan coasts and the Aleutian 
Islands into the northern parts of the Japanese empire. Characteristic 
species of this area (Mitsukuri, 1912: Ohshima, 1915) include Cwumaria 
califoniica, lampcrliy vfgae, glacialis, calcigera, japonica, and 

quinqucsemita, Psolns squamatusi and chilinoides, Chiridoia albatro&si and 
ditcoloTy M ytriotrockus rinkii, and synallactids, especially In the deeper 
waters. The former Japanese Empire extended over a wide range of 
latitude, and its more southerly islands fall within the Indc^Pacific area 
already dUciissed, with their littoral holothurian fauna dominated by 
the same large aspidoohirotes. Northward toward the main Japanese 
islands these disappear and are replaced by dilTercnt species of sticho- 
podids. chiefly i^tiehopns japoniem and nigripHnclaius. Other common 
holothurians of the main Japanese islands include Cxicumaria cchinaUx, 
japonica, capensU, mnUipfi, and notausti, Ptniacia dolioium and inornaius, 
PkyllophoruB japofticiis, PscndocMcnmts japonicus, Paracaudina chiUnsis, 
and Molpadin rcrelzu and oolitica (Augustin, 1908; Mitsukuri, 1912; 
Ohshima, U)12, 19I.>). 

Turning now to the Atlantic Coast of North America (H, L, Clark, 
1001; Coe, 1912; Deichmann. 1930), one finds no littoral aspidochirotes 
north of Florida. The littoral holothurians of Florida arc more or less 
Identical with those of the West Indian region, already considered, and 
described in Deichmann (1030), Dondroc hi rotes and aynaptids con- 
stitute the main forms found on the AtlaiUic Coast north of Florida. 
The most common species here are Cxicu maria /rondesa and pulckerrtma, 
Thi/one briars us, scabra. and unisemiYo, and Lcptosynapla inhacrens and 
roseola. Cucumaria Jrondosa (Fig. 47) is one of the most characteristic 
cucumbers of the North Atlantic, ranging from New England to northern 
Europe and Scandinavia. The molpadoiiians are represented on the 
New England roast by Caudina arenata (Fig. 51(?), admirably described 
by (lerould (1890). 

The Mediterranean holothurians have become well known as objects 
of research of European investigators. Among the common Mediter- 
ranean cucumbers may be mentioned Hofolhuria impa liens, tubulosa, 
polii, forskali (» nigra), kelleri, slellati, and mammata, Stichopus regalis, 
Cucumaria planet and grubei, Thgonc inermis, Phg/hphorus urna, ^fol‘ 
padia musetdus, and Labidoptax digitala. .Some of these species arc 
limited to the Mediterranean, but others spread over a wide area of the 
adjacent North Atlantic, along the shores of western Europe, and around 
the Hrltish Isles. Species common here (Koehler, 1921, 1924, 1927: 
Mortensen, 1927; Nobre, 1938) include Noloihuria forskali, Stichopus 
tremnlus and regalis, Cucumaria frondosa, montagui ( ^ saxicola), planet, 
donga la. kyndmani. laclra. and feferrei. Thi/one fusus. inermis. and 
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L^plosynapia inhauen, 

and sw;^«net and Labxdoplax dtgUala, thomsoni, and bvski A familiar 

cotton spinner from its habit ivhcn disturbed of emitting its euvieriau 
tubules which “spm out ” into long, darting, sticky threads Pr3 
eastward along the North and Italtic Seas one not.-s a dimi.nshed lTt„ 1| 

the Stichopodidac extend into northern latitudes ’ ^ 

1882; Ludwig. l.JOOa; Kalisehewskij I W ei.^m 

comparative discuKsiona of arctic holoihurm’n I \ ‘ 

(t880a) and Kkman (102o) In S 

found a characteristic a&cmbbRc of holothuHanJ there is 

lively few, hut widely dialrihllt^v^ ur.ru.i V^’ of a rela- 

and marked by a general alwcnca of » ?’ prac tically circumpolar, 

prcpoadrraiico of dendrochirolcs moln*^^i ^ »y'‘’iplids and a 

.«oria .faciof.-, /Lj;a:d ^ 

aspidnehirotes, .SficAepu, and (-l>,ndola Two 

west coast of Norway to a latitude of 

inhacrena is found as far north as Lofoten f t, ’. “ - ‘■•^P''»Vnapta 

from deeper waters are Kolga kyuHna 
and ElpiUia glacialUf of 

Turning now to the Southern Hemisphere nm m k • , 
avadabie concerning the holothurian fauna of th. ‘ifcmatioii is 

«outh America north of the StraH of Mil an d 
reponed that the littoral holothurian* of South Af 'ca fm m 
species, uot found clsewliere, although the deeper-wat^fc™ k ° 
resemblance to those of the Indian Oc-ean. nI,. Zealalr. iT' 
also, differ from those elsewhere and are not reU ed to A^sSr T”'"'’ 
(Pernor, 1905). A large amount of information h« . forms 

about antarctic ho.oth^ians from 
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reported on the Strait of Magellan, Perrier (1905) on Patagonia, Vaney 
(1906, 1914) on the collect ions of two French Antarctic Expeditions, 
II6rouard (1900b) on the holothurians of the Belgian Antarctic Expe- 
dition, Vaney (1908) on the material of the Scottish Antarctic Expe- 
dition, Ekmaii (1025) on the holothurians of the Swedish Antarctic 
Expedition and (1927) on those of the German South Polar Expedition. 
Most of the explorations concerned the southern end of South America, 
including the Strait of Magellan, Tierra del Kuego, and the Falkland 
Islands, and the holothurian fauna of these areas is well known as a result. 
The antarctic is richer in holothurian species than the arctic, but a 
general similarity pie vails l>etween the two regions in the absence of 
littoral aspidoc hi rotes and synaptids and the prevalence of dendro- 
ohirotes, especially cucumariids and psolids, and of molpadonians and 
nonsynaptid apodnns. There is no holothurian species in common 
between the antarctic and arctic, but p9olu6 antarcUcu9 is very similar 
to P^ohit and is regarded by some as a geographic variant of it. 

The best analysis of the antarctic holothurian fauna Is that of Ekman 
(1025), who (li videos the region into three areas. The Magellanic area, 
including the Btrait of Magellan, Tierra del Fuego, and the Falkland 
Islands, best regarded as subant a retie, is inhabited by a well-known 
assemblage of littoral holothurians. Common members of this assem- 
blage arc Cucuninria crocca, laengata, parca, Uonina, godfroyi, atlcnuata 
(■ Joxibini), Btcincni antorc/ico), and tiouiiilUiy Ptolus kochUri, 
antarcticus, charedi, ephippi/fr, and lurquftiy Thycne spccCabilis and 
lechlcri, Psolidium ccnvcrg<n9, coaUi, and dersfpes, Molp<tdia antarctica 
and violaceum, T<icniog!/ru$ coniertut, SigmodoUi purpurea, and Chiridoia 
pisanii and marenzellcri. Members of this fauna may spread up the 
Chilean and Patagonian coasts, and in the latter area it is interesting to 
note a species of Stick opus, S. patagonicus, so that here again a Stic hoped id 
is the only littoral aspidochirotc to extend into cold waters. The west 
antarctic, including Graham I^nd and the South Shetlands and Orkneys, 
is regarded by Ekman (1025) as the true or high antarctic. The most 
typical cucumbers of this region are Cucumaria turqucli, allenuaUt, 
secunda, and psoUduformis, Thyonc scofiae and turricaia, Psolus koehleri, 
granulosus, and belgicac, and Psolidium gaini. Many of the holothurians 
here arc thus spceiheally different from those of the Magellanic region, 
although there are some species in common. The island of South Georgia 
to the oast of the foregoing regions is considered in Ekman 's analysis 
a third or eastern part of the South American antarctic. Here the 
holothurian fauna is Intermediate between that of the high antarctic 
and the Magellanic area. Thvo species, PsoHdium incubans and Fsolus 
figuhis, occur on South Georgia which are not found in the two other 
areas, hut many of the species are the same as those of the Magellanic 
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region. At Kerguelen, which lies in the southern part of the Indian 
Ocean, on about the same latitude as South Cieorgia, Cucumaria laevigata 
and poreu were found lEkman. 1927). and the hninthurians of Kaiser 
\\ ilhelm II Land, still farther east and much farther south, are not much 
different from those of the South .\merienn antaretie. Recorded from 
here (Ekman, 1927) are Cucumaria liounllri. lurgurli. shineni. drriliculalo 
georgiana. parea and pwlMn/ormm. PtoluUum naricula and gaini, Psolm 
koehli-n. and Tacniogyrur nutorhm. In this arliide Ekman removed 
( uc.umana hounlln and lurgmii to a nc-w genus, .■<iaurocua,mi$ 

•Although many h<.lo(huvian.s are distrii.i.te.l lliroiigh a considerable 
range of depth anti some sptsoes tliai are littoral in polar waters may 
occur in deep waters in lower latitude.s, in general the holothiirians of 
ocean depths differ speeilically from th.ste of the littoral sone The 
riehneas and distinctive character trf the d«-,Ksea holothurian.s was first 

nssf of "«• CMIrngcr. report,.,! hy Th^el 

1882 188(» It was then dis.-overc<i that an entire lioloihurian order 
the I.. a.s.poda, of tnsarre appearance, inhal.its deo|> nal.-r and is practi^ 
cully limited to such depths. The characlori.stic genera of the Klasipoda 
have been named un.l ligi.r<.d in the pr«...ding pages. Prior to the 
h^cl reports, two ,‘Ius1|)ch1s. Kalga hgalina and Irpa aUgmcala. had been 
described by DanieWn and Korea (1882), from the dredgings of the 
Noiwegian North .\tlantie Kxp,.tlilion of I87(> 1878, which found ibc.se 
species at over 2 ^) m. d,.pth in the area l>ot«een Norway, .Spitsbergen, 
and Iceland. i be«. authors were als.r familiar with F.ipuUa glacialh 
dosciibed by IhM m 18,,. and one of the m,«r widely distributed 
0 asipc^s, found at depths varying from 100 to nearly 0000 m. To these 
three known species the Challenger reports added .>2 others and the 
same species or others of the same genera are found wherever the deep 
uaters are dredged. Some species arc known to have a wide, probably 
cosmopolitan, distrtbution, as flpulia glacialU. Laelmoganc viclacea 
On«ropAanfa mnmhifts and Benlhoganc rosea. DHma blakei. taken at 

I88bb , also appears to bo widely distributed. Other species are probably 
more limited tn distribution. From the collections of the Albatroec in 
the eastern tropical Pacific from Mexico to the (ialapagos Islands 

St^S m"'’TT'1 -3 new, rnTde lh^tf 

200 to 30M m. Thalnved.galor dredgings in the Indian Ocean yielded 
17 clasiM species, of which 1 1 were new (Koehler and Vancy 1905) 

A few others were added from the dredgings conducted by the oceani 
graphic station at Monaco from the Mediterranean to the Atores (Maren 

Scarcely any nett eSds hav: 

come to light in recent years; thus of the 13 species Uken by the German 
Deep Sea Expedition on the VaUHaia. only one was new (Boding, 1940) 
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The <.‘bsip<Kj« ol’ton live in agg rogations of the same or of mixed species and 
(K'cur ill the greatest alniiidaiiee on bottoms of clay or ooze (Thdel, 1882). 

The nspidochirote families Holothuriidae and Stichopodidae are 
mostly eontinwl to littoral and sublUtoral ivafers, but the family Synal- 
laetidae, including the genera Pclopaiid^z^ 

Synallnctts, and .y/eHOihurxa. typically inhabits deep ivaters. and members 
arc regularly taken on dredging expeditions. This family seems best 
represented in the Indo-Pacific area, where a number of species appear 
in the Koehler and Vaney (lUOo) report. Many synallactids were also 
taken in di'op waters on the Monaco dredgings in the Xorth Atlantic, on 
the Volilivia experlition, and on the various expeditions to the antarctic. 
Some of the more widely distributed synallactids are MeBOlhuria inyrs^i- 
tiali.s, ntijosa, verrilti, and mnrorrano. Zi/yofhuria (— Afesofkuria) hcUn, 
Unfit fjplofcs nntans and pour/aUst, and p9<udo9tichopu8 nlhsus, The 
synallactids are typically found at depths of 1000 to 5000 m. 

The dendrcMdii rotes are also pr«lominantly littoral forms, but some 
species occur in dwp waters, notably Cucif maria abtjuorum, found by 
l.udwig (181)4) and IL b. Clark (U)20) to be common hi the eastern 
tropica) Pacific at 2000 to 1000 m.: It was also taken by the ]*aldivia 
(Ileding, 1040) In the Atlantic at 4000 m. Sphacrolhuria 6tten yacu/a^a 
(Mg. oO.l) is limited to deep waters (1400 to 4000 m.), and the same is 
true of the related genus Echinacucumis. 

Many of the upcKlons hololhiirlans inhabit deeper waters, especially 
molpadouians, the species of which often occur over a considerable range 
of depth. Molpadin riolacca and danietMcni arc examples of mob 
padonians that arc littoral in the antarctic but spread northward in 
ileepor waters at 1000 to 3000 m. Moipadia batht/bia, taken off Peru 
at 0000 m. (H. L. Clark, 1920), appears to be an abyssal species. Most 
of the species of Mnlpadia live at fair to considerable depths. Caudinn 
arenata of the New England coast Is reported to range to a depth of 
1000 m., and Cawdtna californica was taken by Ludwig (1804) off Cali- 
fornia at over 3000 m. There are also a numl>cr of deep-sea forms among 
the Apoda, as Proiankyra abyssicoia found in the Atlantic at 2000 to 
jOOO m. It is interesting to note that of the nine specie* of animaK 
brought up from the bottom of the Philippine Trench at the second 
greatest depth yet explored, 10,540 m., the most common was a holo- 
thurian of the genus yriofrochus (Bruun, 19ol).‘ 

29. Ecology : Biological Relations.- -Little information is available 
concerning growth and longevity of cucumbers. The older workers were 

’ The greatest oceaa abysses so far knotra are the Mariana Trench, 10,503 in 
(35,640 feet), the Philippine Trench. 10,540 m. (34,580 feet), and the Japanese Trend). 
10,374 m. (34,035 feel) (Thompson. 1953). It is to be noted that these abysses arc 
long and narrow. 
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5 l Ihc opiuioii that the large aspidoi-hirolcM re<|uire several years to 
attain full size and probably live about 10 j’cars at least. Mitsukuri 
(1903) found that fitiehopvs japonicu*. which roarhes a maximum length 
of 40 cm., attains sexual maturity in its third year and lives at least 
5 years. The young grew steadily and regularly from a length of 4 
mm. Ill the middle of July to 20 mm. by early .Vugiisl and had reached a 
length of 23 cm. by the end of their lir.st year. Kdward.s (1!)08) roared 
the young of Ilolofhuhajlontlona in the laboralorv and found an increase 
fiom 0.33 mm. at 5 days of age to 4.00 mm. at 73 davs. probable a dower 
rate than under natural eonditions but an indication that a few years 
would be re(|uiicd for this large sjiecira to attain full size. Tuo (1930) 
was of (he opinion that 3 or f years are miuired for the much smaller 
l‘arac„<flina chih,m> to rea.h full size. .\ s|x-.imc-ii of ('i,e„,„oria 
plunci was still in healthy eondition after 3 years and 4 months in an 
indoor uijuarium (N'oli, 1881 1 , 

Chieiimbers appear on the whole to Ik- lielpl.-ss and defen.scless animals 
yet there are a niimher of reports of their l.,xi,-ity. In a„ old hook 
ahont coral islands (Clooix-r, 1880), it is stulisl that the envieriun tubules 
of a cucumher there, apparently Ihlolh.no ar^u,. pcKluc- hlislei-s and 
indummatioii if they loueh the skin and (hat the water s,|uirle(i from the 
cloaca of this animal evokes dangerous inliammiition, espi-cially of the 
eyes, -I'licse statem.'iils have been eopi<-d into a suei-essi.ni of hooks and 
articles, yet II. L. Clark (1921) eutegorieally denies aiiv toxicity to man 
of the cin iimhei-s or their cuvicrion tubules of (he Torres Stru'it region 
when- //. argi,, is a common stKi-ies. However, there- is definite [iroof of 
the toxieity of hololhiinids to nonhuman animaLs. although it is not elcar 
whether the poison is aa.so.iatc-<l with the cuvierian tubules. Smith 
(1.117) r<-ported that the natives of Majuro Atoll in the Marshall Islands 
use pounded or mashc-d black eiictimbers to poison fish as an aid in 
cutching them. On (iuam, Frey (19, il) saw natives cut a common black 
cucuml^ ,n two and »,)ueeze the ronteiit.s into rock pools to stupefy 
hsh Ihc hsh would come to the surfaee of the pools, behaving in a 
neakened fashion. Apparently in recent years eucumbem have been 
nidely used by natives in th.- Indo-Pa.-itie region to poison fish as aids 
in eapturiiig them Ihe species employed seems to be Uololhuna alra 
'Inch IS no provided with cuvierian tubules. Recently there has been 
under invcstigalion the toxic properties of Aclinopyga agasnri, a common 
holothurnd of the W c-st Indies (Atz, 1952; Nigrelli. 19, 32). It was known 
ha thrs cueumber is toxic to fish snd other animals, which will die in a 
shoit time If placed in a<)uana that had been occupied by it This 
spcc.es possesses cuvierian tubules, which, however, do not elongate, 

-ound that these tubulee conUm the toxic substance, but this is also 
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contained in otlier parts of the cucumber, especially the body wail. 
The nature of I In* toxin is under investigation by biochemists. The 
toxin will kill mice on injection, but the author experienced no symptoms 
whatever on handling thccuvierian tubules of Actinopyga agassizi. No 
toxic action is known for the “cotton-spinning’' types of cuvierian 
tubules tliat act simply by entangling intruders. Apparently fish will 
not eat the viscera or body wall of cucumbers. But it might be pointed 
out that natives eat the fish that they have captured by means of holo- 
Ihuvian poison so that apjwrently man is not affected by such poison— 
and that species both with and without cuvierian tubules are employed 
In making tropang. 

Holothiirians appear very unappetizing to Western eyes, but in the 
Indo-Pacilie region a large trade is carried on in dried cucumbers, which 
under the name of Ircpcng or WcAc dc mer arc sold, chiefly to the Chinese, i 
for use as a delicacy in cookery, Trepang is made of large holothuriids ' 
that arc called by various native names. It has been found that a 
ntimher of different native names may be applied to the same species or 
the same name to different species. The species used for trepang have 
been idontiftod by various soologists, e.g,, H. L. Clark (1921), the Scllas 
(10-10), and Panning (1044). The most favored species is Thelenota 
anfinnt, called by a native name meaning prickly red fish. Some other 
species used are Holotkuria nohilU^ mauritiana, zcabra, Iccanora, argns, 
rduUz, a!id fchinUft, and Stirhopuz v<tr\eg<xlu9 and japonicui. The 
methods of preparation of holothurians to make trepang vary in different 
regions, hut in general the cucumbers are first boiled to cause them to 
eviscerate and to shorten and thicken. The body wall is then dried in the 
sun or by smoking or dried by combinations of sun and smoking; drying 
must be thorough or spoilage will occur. Usually also some means is 
taken to rid the body wall ctf ossicles, although Panning (1944) examined . 
samples of trepang that contained the full complement of ossicles, j 
Trepang therefore consists of the cured body wall of certain large holo- 
thuriids. In using trepang the dried object is cut into small pieces which 
are added to soups and stews and are said to impart a delicate flavor. 
When so cooked the pieces of trepang swell into a gelatinous condition 
and are also so eaten as tidbits. Trepang appears to be highly nutritious. 

The I ndO“ Pacific product contains 15 to 30 per cent ash, 35 to 52 pci* 
cent protein, and 21 to 23 per cent water; carbohydrates are wanting but 
some fat is present (Greshoff and Sack, 1900; Greshoff and van Eck, ' 
IDOl). The Mediterranean product is even more nutritious, containing 
56 to 65 per cent protein, 13 to 24 per cent ash, about 0.7 per cent fats, 
and 10 to 11 per cent water (the Sellas, 1940). According to Frankel 
and Jellinek (1927), the protein constituents of trepang are completely 
soluble in pepsin, so that the product appears highly digestible. In some 
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Jocalities in the Indo-Pacific, holotlmriids art* irritated until they eviscer- 
ate, and the cuvierian tubuh-s and gonads an* (lu'ii oaten raw, and entire 
cucumbers may be eaten raw aW 

As sluggish and almost defenseless Iwnthonic animals, holothurians 
arc subject to a long list of commensals and parasites. Two species of 
ciliatc Protozoa inhabit the terminal parts <,f the rc‘spiratory frees as 
apparently harmless eommensats which, however, obtain shelter, food, 
and oxygen without eonfening any In'iiefifs in return. Liniophora 
macfardlandi (I, Fig. ti3£b is common in the iv.<pjralory tree of the 
Pa<'ific Coast aspidcKliinUo. PoraslirhopuH ciiIiforniruA. wlivw it glides 
about on its basal disk or remains 
attached, swinging the anterior 
end about (Stevens. \*m: 

Ualamnlh, In the same 

situation oeeiii^ the smaller hoh^ 
triehous <'i!iute liw^ria 
(Irica (another species of Boturitt is 
shown in I, Fig. 13.1 1 , temporarily 
attaehed by its basal cilia unci ex- 
tending its body cud Into the lumen 
of the tree. IMh s|H'eies feed on 
diatoms and other organisms in the 
respiratory eurrcuit, further, on dis- 
carded host c'ells, and Urnophorn 
id also apt to eat the smaller Ifoirrsa 
(Stevens, 1901), The same or sim- 

ilarspcpicsof Liaiophom and Uci fria were found by Ueaucliamp (1909) in 
the respiratory trees of the European Cncumorfa plonci but not in other 
species of holothurians of the French coast, Peritnehuus ciliates (I paite 
199) are also '■ommon commensals of cucuml>ers. a.s Trichodina synaptae in 
the coclomii; fluid of Uptotuntipta inhamns, where it runs about on the 
surface of the viscera (Ci.^not, 1891b); tVcco/orfo synoptac iti the intestine 
of synaptids (Cosmov.ci, 1913, 1914); and Rhah.hHyla species on the 
sui-face of Leplosyiiapta inharr„u and on the buccal memtirano of Cucu- 
marm e«cum« (Cu^not, 18911,). (in.^mines appear to be of common 
occurrence m the interior of holothurians, either free in the coelom or 
enclosed m vehicles attached by stalks to the intestine or haemal channels 

U12, Minchm, 1893). Later Goodrich (1925; gave more specific 
'''l 6^'“! numbers in the hLmal 

SrcnSel- brachyc^rcu., in the intesti- 

uai epithelium tjf the same species. 

Numerous metasoans also live in association with holothurians. 
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Aniong the smaller forms one may recall the bdelloid rotifer ZelinkitlUi 
%iinaptac, living in pits in the skin of synaptids (II, page 112), and the 
ontorommcnsal turhellarians, mostly of the rhabdocoel family Umagil- 
lidao (II, page 140j, inhabiting the coclom or intestine of various cucum- 
hcrs, mostly lai'ge asp id«<*hi rotes. The family Umagillidac has been 
recently roview<‘d by Stunkard and Corliss ( 1 951) with a full bibliography. 
The list of unmgilUd Qsa<K*iates of holothurians includes Unuigilla elegana, 
Anoplodicra voluta, and Wahtia mocrotit/lifera in the intestine of Stichopui 
tremulus off the Norwegian coast: AHoploiHum stichopi in the coelom of 
the same animal; UmagiHa forskalenH$ in the intestine and Anoplodium 
gracilc in the c<K*lc)ni of Notothuna forskalii at Naples; Anopfodium 
parfiAita in the coelom of Holothurui f6r$kaln, polii, and tvbuh$Q at 
Naples; AnoplofUum evclina^ in the coelom of unidentified holothurians 
off Brazil; .4. chirodolac in the coelom of Chiridota lacvis, A. mgriotrochi 
in the intestine of the arctic M griolrochus nnA*«, A. ^chneideri in the 
intestine of Stichepus vanegatus and Actinopyga Ucanora in the Ph i lip- 
pi noa; A. mediaU in the coelom of Sitchopus jcpouicus, AnopMifra 
fenyia in the Intestine of Ited Sea hoi othuri a ns» Clcistogamia hohthuriana 
in the intestine of Actiuopyga maurHiana from the Andamans; Macro- 
gynium ovalis from the intestine of an unidentified StirhopuB at Bermuda; 
and Ora metro (■ Xenometra) arbora in the intestine of Stichopus japoni- 
ms. Another type of turhellarian. .Ueoro sitchopi, related to Xrmerto- 
derma (11, page 132), lives in the intestine of SHchopus tremulus olT 
Norway (Westblad, 1949). 

Most common of the larger associates of holothurians are parasitic 
mollusks that often show a high degree of parasitic degradation. Most 
of these arc gastropods, hut a few bivalve parasites have been noticed. 
Semper (1868) observed a small bivalve creeping about on the surface of 
a synaptid in the Philippines. Voeltzkow (1800) found a very small . 
bivalve, Entovalva mirabilis, living in the descending intestine of LeptO’ \ 
syiiaptfi inhaerens and robbing the host of food. A related species, 
Entovatva Perrim, lives on the outside of this same cucumber, mostly near 
the anal end, firmly attached by the orihee of the byssal gland (Malurd, 
1903; Anthony, 1916). These bivalves are usually but slightly modified, 
except that the shell is generally coN cred by the reflexed mantle, whereas 
the parasitic snails of holothurians may be altered almost be 3 'ond recog- 
nition. A general account of these parasitic snails has been given by 
Kosen (1910; and Vaney (19l3h). The less modihed forms, of ty'pical ^ 
gastropod appearance, but generally lacking a radtila and with a simplified 
digestive tract, belong to the families Melanellidae (« Eulimidac) and 
Stiliferidae and have long been known as parasites of echinoderms. 
Semper (1868) declared that snaib of these families are common in ana 
on Philippine holothurians. He found one of them moving about rapidly 
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inside the digestive tiaet of a riieiimber, ami V.M-ltzkow (1890) made a 
similar olKservatio.i, nal«> reported three spc-cies of .l/e/onW/o 

on the surface of .-ommon Indo-Pacifie sp,-cies trf Holothima and Stirkopus 
off Japan and another M, It, mil., in the ccK'loni irf SHrl.o/mf chloronoli.s. 
Species of Mihnella also .MTiir on the surface of and in the digestive 
tract of Mf^iolhurin m/r./moffs (H.rsen. I'HO: Ilahe. 19.-, 2) Mc.,a,/n,„„ 
hohlhunrola. beioi.ging to the Stiliferi.lae. inhabits the respiiatory trees 
of llololhiiria w.-j-icowi, Ibiliiinias. piercing «itli its )>r,>bo.s,-i.s the wall of 
the trees into the cH-lomdioser,. 1911),. . sp.s-ies of .sVdt/cr was reported 

li.v (louki flSlgi in holothnrinns from the Fiji Islands 

The existence of highly alter, si snail puru.sit,-s in holothurians was 
ills, . over, d by .1. Mullen 18.-, 2,. uho noti.-.sl in the interior of l.ol,ulopta.T 
ili.jUuUi long tubular ol.ji'cts resembling gonad Inbuh-s anil uttaeliod liv 
one end to a brinieli of the ventral haemal sinus. He namtsi these 
objects l■:,.Uyo„rhu „,ir„l.,n. and obs,.rve,l that th,’V contained young 
.snails but e„n.sid<'r,'d tli,-m |,:irt of the analomv of ll„' cucumber ' This 
mistake was eoriectisl by Haur (IXli),. who gave a more .letailed dc- 
.scriptioa of the creatiir,-. 'I'lie [airasite is alta,-h,sl to a haemal ehannel 
at Its ant.'iior end. ami the long, spirally coil, si b.slv (up to 8 I’m in 
length) contains only a simplili,d digestive tract ami the herniaplir.sj'itie 
repr<ductive sysunn (Fig. 92.1, The i-ggs ihwelop inskle tl.,. parent 
Insly into tiny snails of t.vpical gasir.ipod appiniram-e, but tbeir method of 
es--api. IS un,.er(aiii. Other similar, highly degruihsi snail parasilea of 
liololluii'ians liuve sine,- larn deseiilnsl as Knioro/.ix /,«,/, cmif fixed to 
the inside of tl,,. lusly wall of the ar,.lie ,l/,/rf«trerA»s ri.,kii (Voigt, 

.M.h; wmlhirly fasU*in*d in Chiridolo 

pwiHii, (.hilo (\oljji. |<K)I): Entrroxfnot imhnjrcni (Fi^. 02 C) in the 
coelom of Siirhopus (remuita, Xorw'ay, lyinj^ fr«. «r attached to the 
<»ulsidc of the iiifcstinc (lionnevie. IW2i; Gn^vro^ipho^, dcimaiU (Flit 
d3r) attached to the itwide of the »»)dy wall of ihima blnkti with an 
openinK to the exterior (Kwhlrr and Vanoy. UK)3); and Parmicroxenos 
doyirh fouiul in the coelom of Cncumdrui (Ivanov 

attached to the intestttm or in the co<'iom. This last form reaches a 
tremendous length, 130 cm., ami ia hollow, lacking all syatom« except 
lic rcpr,ducl,ve,.rgans (F^ It isgenerally accepted (Schiemen^, 

1880, \ uncy, 19l3a> that th.«. snails get into the interior of the holo- 
thtir.an by boring through the body ,vall with their proli.^eis In this 
procc.ss a fold of the anterior part of the snail grows back over the visceral 
part of lU body as a pM,uhpalh„m. which forms a chamber for the 
incubation of th,: young. As the penetration progresses, body systems 
excep the repr^muive gradually degenerate. A much less alte,^ but 
shell-lcss snail, Pac.hphoru, dmorfoWas, of uncertain taxonomic position 
occupies the pol.an vesicle of Eupyrgu, pacificu,, with its long proboscis 
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FcQ. 02.*— PAra^ktic snails in hoJodiurians. A. iCitlocoHcha mircbt/u. B. £n/o«onfAd 
shown in place in the interior of Labid^pitu Hipitafa. (4. B. o/Tcr Banr. 18G4.) C. Enlefa- 
z«no$ {a/tfr Bonntrit, 1002). 1. slomach of liolothijrian; 2, iIm parasite: 3. intestine 

bolothurian; 4. ventral sinus of hoJolUurian: 5. mouth of snail : 0. intestine of snail : 7. snail 
ovary: 8. pscudopallium; 9. sacs of embryos in pseudopallium: 10, snoU testes: 11. end of 
intestine: 12, b^y wall of snail: 13, ciliated canal: 14. coeloinio membrane of host: 13, 
testis; 10, eonoeetive tissue; 17. central cavity of parasite: 18. oviduct. 


inserted into the intestine (Ivanov, 1933); the young are brooded in a 
depression o( the foot. 

The flat elongated shape and slithering style of locomotion of poly* 
chaete annelids eminently qualify them for a commensal mode of hfe> 
and some occur in relation to holothurians. The presence of a polynoid 
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polychaete on the common Indo-Pacific aspidoehirote Stickopu$ cA/oro- 
nolus was noted by Saville-Kcnt (1803>, H. L Clark (1921), and Sivickis 
and Domantay (192$). The creature, colored like the cucumber, clings 
tightly to the dorsal surface between the warts. Another polynoid, 
Harmothoe lumilalQ. is found constantly associated with synaptids iti 
their burrows off the French coast ((Wiiot, 1912). Two kinds of 
polyohaetes, a polynoid and a hesionid, were noted by Okuda (1936) 
living in the burrows of a Japanese apmJmis holotimrian {Profonki/ra 
bideniata). HuU another polynoid, Arf/ouor pulrhra. inhabits the suiface 
of ParaMichopu^ catijoniicus in Puget Scnind. Experiments have shown 
that this worm is attracted by water coming from on ar|uarium containing 
the cucumber (Davenport, 10:>0j. The Mucthnitios (UNO) mention 
other polynoids associaUnl with cucuml>ei's: J/ofwymim niyralha. black, 
on the white Chridotn and Uarmoilux' fuHutafo in tlie l)urrows of Aep/o- 
aijnapla albicans, ^ 


Artliropods as.so(-iatp(t witli liolc.Chiiriaii-s iiicludo a loprpod, 6>i- 
iilHipliiliia luleua, living in iho csopliagii.s of synapiids (du^not, 1912); 
a cral), rt«ni>a timiila, round in (lie cl.Mi.-a of ParacauJina c'hilrnsu', 
.Japan (Tao, I!I30); a r.-latcd form, Pinuixa t,ornh<irli. in the cdoaca of 
CauUtua aunkola, California (the Ma.-Cjnities, «till another crah 
Ophtsthopw Iranaerrtui in Paruaiehop.,, ralifornie,,. (the Macfiiniiie.s' 
1!IJ9); and juvenile pycnogonid* inhahiling the surface of a .Japanese 
UHpidochirotc, llolothuria lubrica (Ohshimn. I 927 i. 

Undoubtedly the l>cst-known ansociate of holothurlaiis and indeed 
porhapK the most famous of all commensals is the pearl fish Caraptjs 
(old name Furasfer), This is a small, very slender fish reaching a length 
of around lo cm., with a delicate, pale body, and long, slim tail. The 
several species of Carapus live in association with various invertebrates 
chiefly a«pido('hirotc holothurians, in tropical and subtropical waters! 
Accounts of the habiu of the fish in relation to cucumbers have been 
published by Emory (1889), Linton (1907), and Ziinkert (1940, 1051) 
The fish oi^cupics the main sfem of one of the respiratory trees, with its 
head protruding from the amis. If removed from the cucumber it seeks 
about rcstlc‘ssly but finds the cuciiml>or only through chance contact 
with its snout, apparently not Mug aided by the respiratory current 
It then shown excitement and moves about on the cucumber’s surface 
making re|K*ated contact, until it roaches the anus, which it enters tail 
or head first; if the latter, it imrac-diatcly whips around so that the tail 
fies in the (doaca and gradually works its body up the respiratory tree 
I he cucumber appears to resist (he entry of the fish by closing the anal 
aperture, but as it must eventually open for respiratory purposes, it 
cannot prevent the fish from finally pushing its way in. The fish appar- 
ently uses the cucumber only as a refuge and shelter and finds its own 
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food, consisting chiefly of small crustaceans, during nocturnal wanderings 
from Jts host. The fish will also enter the mouth, if this is relaxed by 
narcosis, or dead cucumbers, or artificial openings in the body wall, or 
pieces of cucumbers so short that it sticks out at both ends; but wll liot 



Ktq. 93,— KwrUi^r parftMtjc snails in hololHurisns. A. Bnt^ax ladvioH {aftfr Voigt. 
1SS8). B. Porfnttrortnoo ttogitli {tijttr Joomov. 1947). O. Coot, rooiphon tieimoiiB (oftfr 
KofhUf anrf Vanetf. 1903). I. atuchment to inside of «uvumh«r mail: 2. cillotcd canal: 
3, pseudopaliium roMtaining •ml>rko$; 4. aperture of 3: 5. ovidgri: 0. digestive lube; 7. 
esophagus; S. end atisvhed to host intestine: 9, visceral part of snail: 10. ovary. 

enter other objects of cucumber shape. In any one area usually only & 
small per cent of the suitable cucumbers harbors the pearl fish. There is 
generally but one fish present in a cucumber but up to three have been 
found. Apparently the pearl fish can live indefinitely apart from its host. 


ASTEHOIDEA : GBSERAL 


246 


Vni. CLASS ASTBR01D£A 


1. Definition.— The Asteroidea arc free-living eleutherozoan echino- 
derms, moving on the oral aurfacc. with a flattened, flexible body in the 
form of a pentagonal or stellate disk or more often a disk c ontinuous with 
five to many, usually five, ray-like extensions ealled arms, eaoh of which 
contains gonads and a pair of digestive glands, with open ambulacral 
grooves limited to the oral surfaee and provided with two or four rows of 
podiu, with the radial water canals located to the outer side of the ambu- 
lacra! ossicles, and with an endoskeletnti of separate calcareous pieces 
hound together by connective tissue and usually bearing externally 
projecting kuolxs, tubercles, or spines. 

2. General Remarks. The Asteroidea comprise* the marine animals 
commonly known as starfish or sea stuix' familiar to every visitor at 
the seashore. The sea stars have of coni^ lM*cn known from the earliest 
times, uiul the (in‘cks applied to them the name .U/rr, meaning star. 
Linnueus confu8e<l all 1 hr stellate echinoderma.i.e., sea Ktars.siTpentstars, 
and comat uiids, under the one name .l«feri<i#, mtd this confusion pej'sisted 
for many years under names that were raised to familial orevcji ordinal 
rank, as hamarnk'sStellcridae, which inelmlc^l .\Mrrio^,(>phiur<i, Ccmatula, 
and EunjaU. The Jiame .\McriaB was umhI by ihoKo authors in a sense 
ef|\iivulc*nt to the 011111*0 class Asteroidea. In the 1830’s the eomaiulids 
were excluded from the aasemhlage, and in 1837 Iturmcistor applied the 
name Asteroidea to the combiiuHl sen stars and serpent stars. The 
union of ophinroids with asteroids persisted for many years despite their 
separation into distinct orders by Forfjcs in 1841. Separation of ophi- 
uroids under the name Ophiuroidea origin a UhI with Norman (1805) 
who rctalnerl the name Asteroidea for the sea stars. However, a tendency 
to reunite the two groups under the name Slelleroidea has persisted for 
.tears (c.g.. in (iregory, 1900). Grounds for retaining the separation of 
the two groups will be stated in the di^nission of phylogeny. 

\'aluable accounts arc those of Sladcn (1889), reporting on the aster- 
oids eollcct(^ by the CkalUnffcr and several preceding British collecting 
ships, Ludwig (1897) on the asteroids of the Mediterranean in the famous 
fauna uwl f'hra des Gol/cs von Wcaptl series, Ludwig and Hamann 
(1899) in lironn's Ktasien und Oninungtn t/cs Tierrcichey Gregory (1900) 
in Lankcstcr’s A Treatise on 'Aootogy, and Cu4not (1948) in the TraiU 
de zoologie. Of purely taxonomic works, those of Fisher (lOH, 1919 
1028, 1930, 1040), arc ouUtandIng; others present the asteroids taken 
on the numerous collecting and dredging expeditious oi the last 50 years. 


' It is ftiiggrstcd that drop (he 

fonnrr Ih npl to rni«lcn<l ihc public. 


name atar6ah io favor of aea stars, as the 






Flo. 04.~Typ«s of sea si an. A. rod i'tar. tr^in^pK^f¥4. ^'cst Indies, iliu^ 

tratins typieal shape, B. MX*ra>'a<I star. L<ptatif'i«4 hrr^elfi. Pufct Saund. regularly has 
six rays. C. mud star. Cf<Aar/iae«s erispolMs, Blaine roast, «’ith short rays and conspicuous 
marginal plates (Order Fhanorosonia). V. floiver-like spines (paxiUae) of aboral surface of 
C. S. marginal plate of C. F. Craeaoafer pappotus. sun star. mniiy>rayed. Puget douoo 
(o/fer Orfonry, 1900}. G. marginal spines Of F. I. madreporite; 2. disk: S. ray or oriu: 4. 
anus; S. ‘upramarglnal plare^: 6. conleal emiBenre. 
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already meaUoned in connection adth the pre\iously considered echino- 
derm classes. 

Although H. L. Clark (1946) estimated about 1200 described species 
of existing asteroids, other eohinoderm specialists indicate a figure 

of around 2000: there are also many extinct species beginning in the 
Ordovician. 

Apart from taxonomic reports, asteroids are most fie<juently met with 
m modern literature as sources (rf eggs for expcrimctital eml>ryoIoEv 
how.wer, studies on their behanor, physiologj', and neuromotor meoha^ 
Til sms are not Tufreciucnt. 

3, Ettemal Characters. -The general appearance of a sea star is 
-lUde different from that of the trhinorlorm.s hitherto considered. The 
body IS strongly flattened in the orul-nboral axis and therefore presents 
\eiy dislinetly iliffereiitiatcd oral and aboral surfaces. The typical 
shape IS that of a fivc-pcinted star in which the central area or disA- 
paHse.s insensihly into five symmetrically spaced proicctioiis, the arm. 
or m,/s uhieh tapr-r gradually to blunt tips. However, ray nnmi.ers 
other than five are not infrc<,uent. There appear to be no regularly 
four-rayed spcx-ies and specimens with four arms are either the lesult (d 
injury or are mcidcnta variants of live-ray, si species. .Some asteroids 
are constantly six-rayed, as a group of speeies of the genus UptasUvias 
common on the I aeitic Coast of North .Vtnerica (Fig. The siin 

H -'-ya (Fig. U4F, and in the 
20-raycd star of 1 uget Sound, hjc,,o,^lia hrlianlhoiHc. tfiere are f5 to 
-1 arms. All raembera of the Hnsingidae, adec|>.watcr family with lone 
slender arms, have at least 7 rays (Fig. ,he genus UbidiaJr 

Mongiiig to the .Astemdae. has 25 to 4.5 rays; and IhliaUer (familj^ 
fblias eridae) is also many-rayed with 15 to 50 arras (Fig. 151) tn 
general, the number of rays, if in excess of six or seven, is not constant 
but vanes with individuals. Many-rayed species usually already show 
an excess of hydrocoel lobes during development, but the nurnber of 
rays may a so increase during growth, mostly without rule or regularity 
However /'ycnope,/, a Krlianthoid,. has five rays at firet, soon prtluces a 
sixth ray belwrcn B and C, and then prcn-ecds to form newarm.s bilaterally 
in pmrs to cither side of this sixth ray, between it and B and C (Ritter 
and Cr^kec, 1000), so that the new rays are al, in one region of thl hlS 

Contributing also to external appearance are the relative proportion.^ 
of disk and arms. Typically, the length of the arms is two or thr"; 
times the diameter of the disk, and the arms are of tapering cylindroid 
shape with fairly broad bases (Fig. 94.4). From this norm the laje 

wdh I numerous, arms 

^ith narrow bases, as m the Brisingidae (Fig. 95.4). In the other 




Fto. 05.— Types sea sUre (continued). A, Frtyrfl^ (Family BrUingidae) 
slender rays. B. cus)iion star. i<49e/atv4. I*ugct Sound. C. Cu/ei/a. a 

Indo*Pacific. without rays. D. Cu(crf«. oral riew (^fier Gr<gor^. 1000). 1. m 
2, opening (oseulum) of nidamental chamber: 3. papular areas: 4. moutb* 5, : 
grooves. 
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direction the arms become progrcssi> ely shorter and more broadly based 
so that the animal resembles a five-pointed star, a shape here termed 
stellate, as m CtcuHliscae (Fig. <nr). PUraster (Fig. 05/^). and many other 
pha.icmzonu. gei.o.a The .-litnax of this type of slmpo is roadic-d u, 
r„lcitn dig. />,, ,vh-«e shape is that of a plump, slightly fiy,. 

angled disk, and may lie n-ferretl to as 1 „ taxoiiomie 

d<'.s<np.,.,ns of a.s,ero.<ls is e.u<t.,mary to state the measurements Ji 
from the disk center to the arm tip. and r, the diameter of the disk ' 
Ihe external s.irfaee is geiKTully m<ire or less i-.mgli, warty tulier 
culate, Of ■<Pi«.v. iKsuas,. „f protiilH-ranees borne by the underlying 
.e,sieles ol t he skeleton but iisnally not fo.MsI to them. Tlie arms may be 
liMige.) with spines, as ... /V/.«orfrr .Fig. iigr,. ,„e assieles are 

unnnge.i u> a rc^n-ulul,. pattern will, fleshy a.vas belw..en the meshes "f 
be netn-ork and tulx.reles bon.e on tl.e a.igles, a.s in Or.vntcr (Fig %.l/ 
)ii the other hand 1.1 many asteroids the endoskelelal .«.si..|es an. ,,1^ 
Ilk. giung the surfaeea iMuemetn.like or m,«aie Mp,«.«mn.-e (Fig b8/;j 
an.t a hard texture. In the onier Fbanen.^onia, the ...ms are border^] 
laleialy by two ron^s of .•onspie.n.us ns^tungnlar phiKs, (Fig -140 
an nml and an ,„ra| so that the line of m.H.ti.ig of the fwo lon^ 
exaetly dehtu.s th.. boiiinlary the tveo si.rfa.-es. In the two otlmr 
orders, ,Siinm|,«„ an.) I.on-ipiihitu, .•onspieuous marginal plates ar<. 

rb . nh'.'r''"''' ““ into 

On the alioral surfu.'e of Ihe disk, the madieporite is readily notiecd 

V Carpenter's system. The 

lajs ( I (iK-r.-forc eonstitute a Wrmm. the other tl.n-e rays a Inn.m 

us in hi.hithuio.ds but this .-oneept has little siRi.ilieunee in the biology 
of th. animul. Although tl.e great majority of asteroids have but Z 
mmirepoiite, multiplieali.m ,rf ma.i.eporit,.s is not rare and o..eur« in the 
^mih(.« ,\sl..ri.,lue. ^.el.lnasteridae, and I.i.iekiidae. Tl.e piese.iee of 
moi. Ilian one ina.lreimnte is i«uaily Hs.soeiate.i will, irn.guh.ritv o, 
neroas.. be.vond l.ye of arm numlx.r or the o,.eur.e.,.s. of asexl!al mm'o 
dU( turn by h.ssi<m. .Spccii*» of Axlrrlida^ with 0 to 12 arms: mnv I ^ 

rnay77-:ro;.,::,:;:r:rr:;.;:7p^ 

pontes. Multiple madreporites. o tolo are nZm 0 “ 

miiltirnycd genus Acanlkasler (Fig a 7 A) H„,,-,.ver "‘"mul.v 



mm-. 
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Hg. vg.— T yp«8 ci A«a ^tars (lonKnuMj). A. Orto$ltr r^iculalu$. common 'Veal 
Indian vtar. w<Oi rctN'ijIar akelclon oulhninn papular areas, 8. three moahOH of the 
akeietoiK enlarged, showing papulae. I. supramarninal plalea; 2. madreporite: 3. onus: 4. 
papular area: 5. papulae: 6. earinal spines. 

The mostly small and inronspicuous anus (wanting in the families 
Poroellanaatendae and Luidiidae and in some Astropectinidac) is located 
move or less exccntrically on the a bora 1 surface of the disk in interradius 
BC, thus definitely related positionally to the madreporite. In the 
Porcellanaateridae, the center of the aboral surface of the disk is raised 
into a conical eminence (Fig. 94C), called by some epiproctal cone, of 
unknown significance, not related to the digestive tract, as this family 
lacks anus and intestine. 
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In the center ot ihc orai surface is seen the mouth, surrounded by a 
membranous peristome and guarded by spines. From tlic peristome an 
ambulacral groove radiates along the middle of the oral surface of each 
arm to its tip (Fig. 97 B). Each ambulaei al groove contains two or four 
rows of locomotory podia, usually provided nitli terminal disks (suckers) • 
suckers are wanting in some phanerosoiiic families. At the arm tip, the,- 
podial rows end with an unpaired terminal Irnlaelr. bearing on the oral 
•s^e of Its base a rc<i spot that marks the position of a number of ocelli 
(big. lOfiB). The ambulacral grooves are guarded laterally by movable 
j<pincs that can be rrisncrcMi^od over thorn. 

Ihc fleshy areas of the body wall betnecn the ossicles are provided 
with small retractile projc.lions. the gills or papnhe. presumably respira- 
tory. They are hollow evaginalions of the IxhIv ,viiII. and hence their 
lumen is coiituuions with the e.K.|om and is lin.sl with cwlomic epi- 
thelium. They are nsnully of simple tubular or conical shape but are 
branched in Luuha (Fig. «)8E), I’yrnopodia (Fig. lOt/’l, .iphnmi^terias, 
and the I teiasteridac, W hen Ihc cnd.Kkeletoii is reticulate, as in Fig 
9(1.1, large mimber. of papulae emerge in the areas ciicl,«ed by the 
me«li(« of the skeletal network (Fig, \HUi,. When the .skeleton consists 
of closely set plates, as in m.«t Phuneroxonia, the papulae emerge singly 
hetwcei, thc«e plates (Fig. 98/», Pa„ui„, 

suifaecs in the orders Spinulosa and Fnreipulala. but in (he Piianeroxonia 
arc generally limited to the abnrul surface and are fnspienlly absent from 
the cuntor of dink uiict uIouk the mwiian i-orIoii of the arms. They are 
sometimes l.mit^ to deH.iite ronnded areas known as papular aix^s or 
papuiaria, as in Unckia, where Ihew areas are scattered irregularly on the 
aboral surface of the arms (Fig. 98.1) but oe.-ur in a roiv on the sides of 
the arms betwcGn the supra- and inframargiiial rows of plates. In the 
deep-water family Benthopcelinidae (eonsliluting the whole of the 
phanerosonic suborder Nolomycta) there are only five papuiaria one 
on the aboral surface of each arm base (Fig. Oftf,'). Papulae are wanting 
in most genera of the phaiierosonie family Porcellanasteridae (being 
here replaced functionally by the cribriform organs, see below) and i,* 
c-ertam genera of the for,.ipnlate family Brisingidae (Rrisinga. FreyeUa) 

The family Porcellanasteridae, constituting the whole of the phanero- 

ereoL' r th by the presence of cnbriform 

Z inrerrin- k'i o" ‘be sides of the arms in 

the nte radii between the marginal plates and vary in number from 1 in 

<ach mterradius in PorceUanaHer to U in ThoracaHer. When fully 

developed they coi^.st of a vertical depression lictween adjacent mai^inal 

pla^s (extending the whole width of both series of marginal plates)1ned 

vrnkV 1 ‘bin vertical plates like the leaves of a book or with 
vertical rows of papillae (Fig. 99C. D). supported by ealeareons deposits 
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I'le- 97. — T>pc4 of $co sUn (condgdod). X. spinj* •Ur. Acanthutter. PhlJIppine*. with 
mftny rays nnd a«v«raJ mad report tea. B. eommon ster, Aattriot. oral view to slio*' 
embulscraj grooves. C. papular area of 4«rmae, between 9urra<^ tuberclee. D. adam* 
bulacral spine of AHeriat with streichl pedicellariae. E. tubercle of general aurface of 
Atlfriai encircled with pedicel leriae on a fleahy sheet b. F. mouth armature of ^afcrior. 
I, madrepocites; 2, papuJae: 3. pedieeUariae; 4. eheath: S. amhulacral croove: 0. adan* 
bulacral vpinea: 7. mouth: 9. peristome: 9. anus. 
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and clothed wth a tall ciliated epitheUum. In CUnodiscua the crif.riform 
organs are reduced to a groove between sue.’essivc marginal plates form- 
ing a senes along the sides of the whole length of the arms (Fig 99e) 
These ^noves contam a few lamellae guardcl l,y scalloped calcareous 
'‘.Iftes Fig, !i)A,; they conlimie ventrally oiil,, the oral surface between 

page^a^S " ” (f®-- f""<’'ioii see 

y>c.liccllariae are pre-sen. in the orders I’l.ai.eroaonia and Fo.cipulata 
but arc usually obvious to the i.akisl eye only in the latter ivhcre thlv 
often occiir in thick rc«,.|tes around spine l.nsi's (Fig. HTt')- but verv 
large bivalviHl pcdk-ellariac «.cur in some H.uncror.oiiia ' 

in„v,r,l 'vith tbc oral surface heM 

11 lard, the arm opp.sotc thi' niadn-poritc iHs-.nncs an,| the others 
follow in alphabetic order in a chu-kivisi- dircTtion, 

Ilic .size range of asteroids is considerable. Theiv arc little stars 
mcusiirnig only a centimeter or two from arm tip u, arm tip A ^ 
s .Jie.s are of moderate size from 10 to 30 cm. aerials, but there are some 
UiK' ones, measiirnig M) to lit) cm. from lip to tip. .\moiig the larircsf 

hi g St forms are also many spe<.i.si of the d.s.p-s..« family HrisiiiJ.ke 
ith t mmeroii-s long and slender arms for wliieh /{ may eipial 2:. to 30 cm ’ 
Wile, vas many common sea stai. arc -rf a dull veliow ish hi. HOiart 

ome blue, green, gray, un.l brown on... .M„„led a“i , 

1 mov ,i P“'“* "" •■‘W--- N'ol uneom. 



.hieker homogeneous layer and an inner thiiiL htal 

Koiial impje«<ioii8 from the imdcHying epidermal colls THp 

icoTv • . * »wt-) and with two sorts of e and i-o\U {CuAnr.* 

Si;;?;:;,:;: So?; 

'iiiio .00. 10.0 rfrir; 
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some Echinasteridae (Cu^not, 1887; Barthels, 1906; Hayashi, 1935) and 
pour out an abundant gelatinous secretion in response to irritation, 
The epidermis contains the pigment granules responsible for the external 
colors. In the base of the epidermis is found a nervous layer, varying in 
thickness in different areas and penetrated by the attenuated bases of 
the epidermal cells or their clastic filaments (Fig. lOOC). A delicate 
basement membrane separates the epidermis from the underlying, thick 
(lormis, of fibrillar connective tissue, which secretes and houses the 
endoskelotal ossicles and binds them together (Fig. 99(?). Next comes a 
smooth muscle layer, of outer circular and inner longitudinal fibers. 
Those muscle layers are on the whole weakly developed except in the 
aboral wall where stronger longitudinal bundles radiate from the center 
of the disk along the middorsal line of each arm, no doubt serving to bend 
the arms aborally. The inner surface of the body wall next to the coelom 
is clothed with coclomic epithelium (peritoneum), consisting of flageb 
lated cuboidal cells. The dermis just to the outer side of the muscle 
layer is permcaltKl with a system of canalicular spaces that form a ring 
space around the base of each papula (Fig. 106C'). 

The ondoskelcton consists of calcareous ossicles that have the usual 
fenestrated structure with the fenestrations filled in life with connective 
tissue. It is divisible into the main supporting skeleton, imbedded in 
the dermis of the body wall, and the more superficial skeleton of more or 
less projecting spines, tubercles, warU, granules, and so on, that are 
always borne on the underlying deeper skeleton and are clothed in life 
with epidermis and a thin layer of dermis, although this covering may 
rub off the more prominently projecting parts. The main skeleton 
consists of discrete ossicles of various shapes bound together with con- 
nective tissue and often overlapping. They may take the form of more 
or less elongated rods, or of four*angled pieces, or of rounded, polygonal, , 
or squarish plates. The shape of the ossicles may be such that when 
bound t<^cther they form a reticulate skeleton, leaving spaces for the 
emergence of groups of papulae (Fig. 96.4), as generally in the Asteriidac; 
nr plate-like ossicles may be closely set to produce a pavement-like 
surface (Fig. lOM), permitting the emergence of only single papulae; or 
provision may be made for special papular areas. 

In the Phanerozonia, as already noted, the sides of the arms ar® 
formed of two rows of large, rounded, squarish, or rectangular plates, 
the supra- and inframarginal plates. The remainder of the body surface 
(apart from the ambulacra I areas) in most Phanerozonia and espccialb' 
in the suborder Paxillosa is supported by closely set plates that send up 
erect columns with expanded tops covered with little tubercles or spm^ 
lets. The entire skeletal piece, somewhat resembling a mushroom, 
called a paxilia (Fig. 1007), and in asteroids with such paxrlliform ossicles 
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tho aboral bculy ^‘^lrfacf‘ whon lookwl down upon under magnification 
often rosemblc.s n field of flowers (Figs. \00G, 135). The little tubercles 
or spincOets forming the crown of the paxilla are more or less movable by 
tiny muscles, and if the animal is irritated, they bend horizontally 
outward, meeting Iheir neighbors to produce a formidable surface 
( overing. .A larger spine or luWcle may bo present in the center of the 
crown. In another variant, seen in Tom and Pentagonaster, the large, 
round tops of tho paxillae are bare, and tubercles are limited to an 
encircling row (Fig, 103^). The marginal plates in the Phanerozonia are 
usually covered with the same little tubercles or spinelets as found on the 
tops of the paxillae (Fig, \OOIIf : or these may enlarge to produce a row of 
marginal spines (Fig. 

The Spinulosa, although not sharply demarcated from the Phancro- 
zonia, lack conspicuously enlarge<l marginal plates and have a more or less 
reticulated cndoskelcton. However, ossicles simulating paxillae, then 
called p.^cmhiMxiUoe. nmy be present as in CrosMster (Fig. 94(/), where 
(he OKxiclcs send up erect rolumna tipped with a bundle of spinelets. 
Less resemblance to paxillae is seen in Hcnricia (Fig. lOlS), where the 
surface is covered with eject but irregular groups of spinelets. In the 
spinulose family Pterasteiidae, or the cushion stars, including such 
common geuorn as Ptr roster (Fig. 95^) and Hijmenaster, the aboral 
surface is foimcd of true paxillae. Their crowns are united by a mem* 
bratie (Fig. lOlA') that forms an outer roof, (he su prodorsal membrane. 
covering over the tnje aboral surface. A space is thus made between 
the body wall and the supradorsal membrane, and this space, supported 
and subdivided by the columns of the paxillae, acts as a brood chamber 
(nidamentul chamber) that is aerated by the pumping of water out of a 
laige central aperture, the (»sculum, supported by spines, located in the 
centpr of the supradorsal membrane (Fig. 05^), There are also a number 
of contractile pores (spiracles) (h rough (he membrane through which 
water enters, as well as a scries of openijigs at the sides where the mem- 
brane becomes continuous with sides of the rays. The crowns of the 
paxillae may or may not pierce the supradorsal membrane. Madre- 
porite, anus, and papulae are found in the true aboral surface, that is, 
the floor of the nidamental chamher, and hence are not externally 
visible. The cushion .stars are all short-rayed stellate forms vith a 
plump appearance (Fig. 95B). 

In the Forcipulata, the endoskeleton is usually reticulate, composed ol 
elongated or angled or rounded pieces, often overlapping or imbricated, 
bound together by connecti\'e tissue so as to leave papular areas bet«'ecn. 

An example of a forcipulate endoskeleton is given In Fig. 10 IF, which 
shows part of a ray from the middorsal r^ion to the ambulacral area. 
Often there is present a row of distinguishable ossicles, termed carinalSr 
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along the median aboral line of the ray, and the other ossicles extending 
laterally from this row may fonn more or less of a pattern with longer 
ossicles next the carinab and more rounded or four>lobad ones laterally. 
The two rows next to the adambulacrals are called supra- and infra* 
marginals, although they are no lai^er than the others. The ossicles 
may also be arranged somewhat in rows transverse to the ray, and these 
are referred to as skeletal arches. In the Forcipulata, externally pro- 
jeeting spines and tubercles are borne separately on the skeletal ossicles 
and are not grouped into clusters or bundles surmounting erect columns 
as in the preceding orders. 

The endoskelctal ossicles are often poorly visible in the living animal 
and not infrequently are concealed by a thick or leathery membrane or 
"skin*’ that presumably represents the outer layers of the body wall. 
Often the ossicles are fairly evident in dried specimens, but for exact 
studies it is usually necessary to macerate the animal. 

A dehnito arrangement of ossicles, obtaining throughout the Aster- 
oidea, supports the ambulacra I grooves. The grooves themselves are 
formed of two tows of opposite rod-shaped pieces, the ambutacral cssicUh 
that meet in a V (Fig. 102C, D). Their aboral ends, forming the apcjf 
of the V, project into the coelom and produce, as seen from the coelomic 
side, a conspicuous ridge, the cmbuhcr<tl ruipc, likened by older workers 
to a vertebral column. The podia pass to the exterior between the 
ambulacral ossicles, each of which bears a concavity or half pore for 
this purpose. These concavities usually form a single row on each side, 
so that there are two rows of podia in the ambulacral groove (Fig. 102F). 
In some asteroids, however, especially the family Asteriidac, the con- 
cavities alternate in position in successive ossicles, so as to form two rows 
of pores on each side iti each groove, whence there appear to be four rows 
of podia per groove (Fig. 102F). Actually, however, only one podium . 
emerges between any two successive ambulacral ossicles. The ambu- 
lacral ossicles never ^ar any spines, tubercles, or other external append- 
ages. Lateral to the outer ends of the ambulacral ossicles, forming the 
edges of the grooves, is a row of ossicles, called the adambulacral oesidts, 
that meet the ambulacral ossicles oppositely or alternately on their 
medial sides and always bear movable spines (Fig. 102C, D)~ These 
spines are mounted on little tubercles of the adambulacral ossicles an 
are operated by two small muscles, one of which, the depressor muscle> ^ 
lowers the spine across the ambulacral groove, and the other, the elevator, 
erects it again (Fig. 103^). In some phanerozonic asteroids there ^ 
present a row of small supra-ombulacral os^cles in the angle of the art^ 
on the inside, not externally visible, lying in contact with the outer en 
of the ambulacral osMcles (Fig. 102(7). 

In phanerozonic asteroids with slender arms, the adambulacrals are 
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contact laterally with the inframarginals, and this is usually the case 
toward the tips of the arms. If the arms are broadly based, however, 
additional ossicles arc interposed between the adambulacrals and the 
Inframarginals. These interposed ossicles are usually similar to those 
of the general aboral surface, but they may differ. In forcipuiate 
asteroids, the two rows of ossicles next lateral to the adambulacrals are 
simply called infra- and supra marginals. They are mostly of rounded or 
fonr-Iobod shape and do not differ especially from the general ossicles 
of the aboral surface. Between them and the carinals are usually found 
a number of lobulatod or elongated ossicles, known as dorsolatera Is. 
Schematic sections through an arm of a phanerozonic and a forcipuiate 
asteroid to show the arrangement of the ossicles are given in Fig. 102(^, D. 

At their central ends, the rows of ambulacral and adambulacral 
ossicles join to form a peristomial skeletal ring or mouth frame edging the 
peristome and comixwed of alternating ambulacral and adambulacral 
elements. In this ring there are two adambulacral and four ambulacral 
pieces for each arm, as the ambulacral pieces are composed of the first 
two ambulncrals of each side of the ray. This is shown by the occurrence 
of a podial pore in the ambulacral piece, marking the boundary between 
the fused first and second ambnlacrals of the row (Fig. 102.4). The 
adambulacral componenu in the peristomial ring continue to bear spines, 
and these act as a mouth armature. In some asteroids the adambulacral 
components of the peristomial ring arc the most conspicuous, and the 
pair in each interradius form a wedge-shaped, very spiny piece, resembling 
a jaw, projecting prominently inward (Fig. 1025). In other asteroids, 
as the Astcriidae, the ambulacral pieces in the ring are the larger and 
more conspicuous. Those two types of peristomial skeleton are termed 
adambulacral and ambulacral peristomes, respectively. 

In the newly metamorphosed star the arrangement of the skeletal 
pieces in the aboral side of the disk is strongly suggestive of the apical ;. 
system of plates of cchinoids. There is a central plate, to which the anus 
bears a definite positional relation, surrounded by five plates in the 
intcrradial positions, one of which incorporates the madroporite, and 
these are encircled by five terminal plates in the radial positions. (In 
case of asteroids with more than five arms, the number of radial and 
interradial plates is correspondingly increased.) With growth these 
juvenile plates are usually shifted apart by the interpolation between 
them of additional skeletal elements and in most asteroids are unrecog* ’ 
nizable in the adult, although they do remain detectable by their larger 
size in a few species, as in Tosia (Fig. 103A) and PentagonaaUr. As the 
arms grow out they carry the terminal plates at their tips, and the row 
of plates that arises behind the terminal plates in the radial position 
becomes the row of carinals in the middorsal line of the arms. The 
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terminal plates come to embrace the primary podia, which become the 
terminal tentacles of the pod la I rows. These terminal plates at the arm 
tips are quite conspicuous in many asteroids (Fig. 995), inconspicuous in 
others. Asteroids grow by the interpolation of ondoskeletal plates to 
the central side of the terminal plates, so that the youngest ambulacral 
and adambulacral ossicles arc situated next to the terminal plates and 
the age of those ossicles increases in the central direction. 

At the arm angles the body wall is continued inward for a varying 
distance, as the iuterradiat or intcrbrachial septum y usually supported by 
ossicles but membranous jn some cases (Fig, lOOA). These internal 
sepia demarcate the arms in asteroids that seem to lack arms, as Culcila 
(Fig. 05C, D). Calcareous deposits may also be present in the mesen- 
teries and other internal parts but arc usually wanting in the podiaf 

6. Appendages of the Body Wall. These include the surface cal- 
careous protuberances, pwlicellariae, papulae, and podia. 

Q. Calcareous Proiubcrartces. -These form a surface armature varying 
from spines of some length to very small deposits, .called granules, and 
confer on asteroids a great diversify of appearance and textures in 
general, however, these protuberances lack the variety of shapes and 
surface sen Iptu rings seen in echinoids. They rest upon the underlying 
ossicles hut arc not fused to them and thus allow a certain amount of 
flexibility. Most sen stars have a merely warty or tuberculate surface, 
but really spiny stars occur, as in the genus Acenthester (Fig. OTA), 
from tropical seas. In some Phancrozonia the spines of the marginal 
plates get gradually larger toward the margin, where they form a row 
of spines edging the arms (Figs. 1015, 1025), and bristly arms also occur 
in the forcipiilatc family Brisingidae (Fig. 95A). In Ptcrcster and some 
other ptorastcrld genera, but not in Hijfnenastcr, the adambulacral spines 
arc u!iited by membranes to form a series of transverse fans along each 
side of the ambulacral grooves (Fig. 102(7), and these fans are continuous 
with a lateral membrane laid flat against the oral surface and supported 
by a scries of long parallel transverse spines (Fig. 102(7). In Hymenaslcr 
those lateral membranes with their supporting spines form the oral wall 
between the ambulacral areas (Fig. 1485). In forcipulatea a more or 
less evident row of tul>ercle8 may be borne on the carinals. In the 
Luidiidae and some asiropectinid genera there are present between the 
marginal plates vertical groo>es lined with minute, heavily flagellated 
spines, recalling the clavules of spat an golds. These “vibratile’' spines 
(Fig. 103F) presumably function to produce respiratory currents in the 
margin. The surface protuberances arc co^'e^ed in life with epidermis 
rich in gland cells and ner>*ous tissue, underlain by connective tissue m 
which the calcareous piece is imbedded (Fig. 106C) and in which the 
muscle fibers, when present, are found. 
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6. Pedicellariae . — PedictOlariae occur in the Phanerozonla and 
Foroipulata but are rare in the Spinulosa. They are of three general 
sorts; the peditnculafe, the sessile, and the alveolar. Only the first, 
limited to the Forcipulata, is comparable to the pedicellariae of echinoids 
but differs in being two-jawed and provided with a basal piece. The 
pedunculate pedicellaria has a short, stout stalk lacking internal cal- 
careous support or is practically sessile. It contains three calcareous 
ossicles, two jaws or valves, and a basal piece, all of the usual fenestrated 
construction. It is clothed with epidermis richly furnished with sensory 
cells and both kinds of gland cells and permeated basally with a thick 
nervous layer. The interior consists of dermal connective tissue in 
which the ossicles arc imlK*<lded. The pedunculate pedicel lari a occurs 
in two varieties, the slraighl and the crossed. In the simpler straight type 
the valves are more or less straight and parallel and attached basally to 
the basal piece (Fig. 103Z)), The valves are c^perated by two pairs of 
adductor muselcK und one pair of ahductoi’s. Tlte latter are a small pair 
inserted on the outer surfaces of the valve bases and originating on the 
ends of the basal ossicle, The ad<luctors are iml>cdded in the inner 
surfaces of the volves; the shorter inner pair mostly occupies a concavity 
on the inner side of the valve bases (Fig. 103/.)). The longer outer pair 
extends in the valve interior from near the tip to the interior of the basal 
piece and is detectable mainly in sections (Figs. 104.1, 105.1). In the 
"crossed type of stalked podicellaria the valves are curved and crossed 
basally, enclosing the basal piece between their crossed portions (Fig. 
I03f’). (Tossed pedicellariae are also operated, by three pairs of muscles. 
The abductors or openers originate on opposite ends of the basal ossicle 
and insert on the adjacent crossed part of the valves (Fig. 1036’). The 
adductors or closers consist of a short and a long muscle in the Interior 
of each valve (Fig. 104/i), originating on the opposite end of the basal 
ossicle. The stalk of the crossed type contains an clastic bundle tliat 
forks to attach to the outer surface of the curve of each valve (Fig. I03C). 
Straight pedicellariae raa^' be thought of as operating like a forceps, 
whereas the crossed variety operates like a scissors or pliers. The 
inner surface and tips of the valves may be variously toothed, and in the 
genus Pisaslcr there are straight pedicellariae of a type called furcate 
with bifurcated distal ends (Fig- 1040). Pedicel la liae of the same or 
similar structural type may occur in large and small sizes. Stalked 
pedicellariae may be scattered singly over the test, or a few to several 
may be mounted on a spine, especially spines near the ambulacral 
grooves (Fig. 07 D), or they may be arranged in clusters; especialb 
the crossed type is commonly found in numbers mounted on a retractile 
fleshy sheath that encircles spine bases (Fig. 07 E). In Pi/cnopodia 
bouquets of pedicellariae on fleshy stalks occur in association with a spine 


ASTEROIDEA: AFPEXDAOBS 


265 



1; 


II 


f X 

vX 





PHYLUM ECHIXODEHMATA 



A S TBROI DBA : A PPBNDAGES 


267 


(Fig. l(KF). Strands of pcdicellariae (Fig. 105C) are found near the 
ambulacra I grc>o>*e in Pisasler. Iiithc very curious, multi rayed, antarctic 
brooding star OdineUa nnHx (Fig. !o0), belonging to the Brisingidae, 
many of the spines along the slender arms arc completely encased in a 
fleshy sac covered with minute pod ice) lari a e (Fisher, 1940). These large 
sacs form conspicuous bulbous projections along the arms (Fig. 104^). 

Sessile pcdicellariae, characteristic of the Phanerozonia, are simply 
groups of two or more mo^'able spines attached directly by muscle and 
connective fibers to one or more skeletal ossicles. When formed of a 
cluster of spines borne on adjacent ossicles and meeting over the suture, 
they are termed fspiniform if the Kpiiies arc long and pectinate if they are 
short and curved (Fig, \0M>). es|H*cially if arranged somewhat in two 
opposed rows (Fig. 105 AT). \ pidicellaria formed of a oluster of spines 
borne on a single ossic*le is called /ascieutate. Sessile pcdicellariae con- 
sisting nf three jaws, simulating un echlnoid pwlicellaria, also occur. 
Sessile pt'dieellariac may brnmu* two-volved or valvukfc by the sidewise 
fusion of groups of spinelets into two vulve-Jike jni^i'es. 

Alveolar piHjicellariae arc similar to (he foregoing but are partly sunk 
Into an endoskeletal dcpn*ssioh or »lviH>lus that wrve.n for the attachment 
of the muscle libers operating the valves, generally two in number. In a 
common type, termed hiitr/m/. found in UippaUvna, the two jawa are 
horizontally elongate I ami give the imprcs.sioi» of a minute elam (Fig. 
105FJ, ^ In the spat ii late type the jaws an» longer and broadened at the 
ends (Fig. 105/f, 7). In theejMiv»(r (y|K*, eliaracteristic of the Linckiidac 
(Fig. 10rrf7), the elongated jaws re?K*mblc a pair of tongs and fit into 
depressions in the alveolus when opened. A type with ere<*t, curved 
jaws and powerful muscles, also found in Hippaslcria, has been described 
by Ilaubold (1933; Fig. lOG/f). 

c. Papuher These are thin respiratory evaginations of the body wall 
that emerge between skeletal ossicles, either singly or in numbers, when 
sufficient space exists between adjacent ossicles. They may occur over 
the entire surface or be restricted to the aboral surface, as usually in 
Phanerozonia, or be limited to 8<*attcred papular areas or papularia 
(Fig. 98/1, C). They are usually simple evaginations but sometimes 
branclied, as in Luidia (Fig. mE) or Pffcnopodic (Fig. 104F). Histologi- 
cally (hey resemble the body wall but differ in the thinness of the dermal 
layer and the lack of calcareous deposits; to the inner side of the dermis is 
found a muscle layer of outer longitudinal and inner circular fibers, con- 
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ferring contractility on the papulae. The lumen is lined with coelomic 
flagellated epithelium. 

(I. /WVo. -As already indicated, the podia occur in two or apparently 
four rows in each amt)ulacral gjoove. They are pro\'ided with well- 
developed terminal disks or suckers except in the phanerozonic suborders 
Oribcllosa and Paxillosa (families Pored la nasteridae, Goniopectinidae, 
Astropectiiiidae, and Luidiidae). where they terminate with bluntly 
rounded tips. Accoiding to Fisher (191 1 the lack of terminal disks may 
not be regarded ns an adaptation to life on muddy bottoms, and Tortonese 
(1917> slates that Adlroprcten can climb glass walls and hang onto them 
for long periods, although mvo easily jarred loose than asteroids with 
suckered podia. There is little hislologlcal diffeience between the two 
types of podia. The row of podia ends in a terminal tentacle, and the 
last few podia More the terminal tentacle lack suckers and seem to act 
in a sensory capacity. The podia, as evaginalions of the body wall, 
share its histological construction but usually lack calcareous deposits 
(Mg. lOd. I ). Heneath the cuticle is an epidermis of elongated cells, each 
containing a supporting elastic fibril; the epidermal cells are interspersed 
with both typt*? of gland cells and with sensory cells. Below the epi- 
dermis lies a thick nervous layer of outer circular and inner longitudinal 
fibet's, and these are further suMivided according to J. Smith (1037). 

The nervous layer forms a thirkenwJ strand along one side of the podium, 
the side facing the mouth, and also is thickened as a ring just below the 
sucker. To the inner side of the nervous layer of the sucker is the usual 
connective-tissue layer that forms a flat plate in the center of the sucker, 
from which connective- tissue strands spray throughout the sucker in an 
arhor(‘s<'ent manner, reaching into the epidermis up to the cuticle (Fig. 
107.4). Thi.s spray of connective tissue is wanting in podia that lack 
suckers {Tortonese. 1947: Fig. 107i?). The connective-tissue layer is 
followed on its inner side by a stratum of longitudinal muscles that thins 
to a flat plate in the sucker. Finally, the lumen of the podium is lined by 
peritoneum. 

6. Muscular System. — As already related, the body wall contains on 
its coclomic side a muscular siratum of outer circular and inner longi- 
tudinal fibers (Fig. 99(7). These layers are on (he whole rather thin and 
weak, but the longitudinal layer rs thickened into a definite strand that 
extends from the disk center along the median aboral line of each ray, 
often splitting up into three strands in the more distal parts of the rays f 
(Fig. lOGOj. \ system of muscles operates the am bul acral grooves. 

Each pair of ambulacra I ossicles is connected by an upper or aboral and a 
lower or oral transverse muscle (Fig. 1 08.4. B). Contraction of the upper 
transverse muscle catises the outer ends of the ambulacral ossicles to 
diverge, thus widening the ambulacral groove, and contraction of the lower 
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transverse miiseles has the opposite effect. The lower transverse muscle 
is found between the hyponeural canals and the radial water vessel (Fig, 
108^). There are further short vpper and loioer longitudinal muscles 
between ndjamit ambulaeral ossicles along the whole length of each row, 
and their <*ontrarlion tends to shorten the ambulacral groove. The 
fotcral Iran averse ambulacral muscles connect the outer end of each ambu- 
lacrn) ()8.sic]p with the adjacent adambulacra) ossicle; their contraction 
widciu the ambulacral groove. Finally, there are longitudinal muscles 
between adjacent udamhulacral ossicles that would aid in lateral move' 
monts of the rays. 

Thc family Bcnthopectinidae, comprising the whole of the phanerozonic 
suborder Xotomyata (Ludwig, 1910), differs from all other asteroids in 
the prc.se nee of a pair of dorsal muscles in each ray, extending from some 
of the more proximal supramarginal plates to the tip of the ray. It is 
presumed that thexe muscles permit thrashing movements of the rays, 
enabling the heiuhopcctinids to swim, but direct observations are wanting 
as this family inhabits deep waters. 

Nervous System. The asteroid nervous system, of which the best 
'^description has been furnished by J.^Smith (1937), is conventionally 
described as comprised of three interrelated systems. The main part is 
the oral or ectoneural system, situated just beneath the epidermis. This 
is composed of the nerve ring, the radial nerves, and the general subepi- 
dermal plexus. The circu moral nerve ring, actually pentagonal in shape, 
is situated in the peristoroial membrane near its periphery. It supplier 
nerve fibers into the peristomia) membrane and the esophagus, and at 
each radius gives off a radial nerve that runs the length of the arm in the 
bottom of the ambulacral groove, where it can be seen with the naked eye 
as a cord, and terminates as a sensory cushion in the aboral side of the 
terminal tentacle (Fig. 1()6£). A cross section of an arm (Fig. lOSA, B) 
shows that the radial nerve is a thick V-ahaped mass continuous on its 
outer side with the epidermis and separated on its inner side from the 
^hyponeural sinus only by a thin dermis and the coelomic epithelium. 
The supporting fibers of the epidermal cells continue through the radial 
nerve to the dermal layer (Fig. 1(X)C). The radial nerve consists of 
fibrillae arranged in layers and interspersed with bipol ar and multipolar 
ganglion cells. The radial nerves are continuous with a general subepi- 
dermal plexus spread throughout the entire body wall and innervating all 
the body-wall appendages. Its arrangement in the podia was already 
described. In general, according to Smith (1937), this plexus is very thin 
over most parts of the body but is thickened in connection with tbe 
various appendages. 

At the outer margins of the ambulacral grooves at the location of t^ 
outer ends of the ambulacral ossicles, the subepidermal plex*us is thickenen 
into a cord extending the length of the arm on each side, called by Cuenot 
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Pio. 106.— App«ii(l««M (coMinged). iDuMulftr eystem. A, longitgdinftl Mctioo throua 
the tip of A i>oaigMi of Sl^ikatttrxa^ {^fter Smilh. 1037. slightly alUred) i 

•Ivoolate type of pcdicoHans of HipptMfria (tt/i«r HauhoUt. 1933). C, sectioQ tbroueh 
pspgls mi). D, sborel ««U of disk of CyWia. sein from tbe ioside &u 

,•««»» thriMjgh tbe terminsJ teoUele {afUr 
18B3}. 1. epidermis; 7. nervous Jiyor; Z. pervo ring: 4. connective tissue: $. lopgitudlni 

muwlo l^er; 6 coclomic lining: 7. valves of pediccllsris: 8. adductor muscles: 9. slveolg. 
W. ossicles of tgU.‘.-cJes; II . endoskeletsJ osacle: 12. papula; 13. ring csvity in dermis sroun 
^of pspuU: 14. pspuisr^; 15. loterbr^hlsl septum; 16. stone esnsi; 17. loogitudmi 
muscle elrsnds of median aborel wall of rays; 18, terminal osdele: 19. terminal tentacle* 2f 
^tic ^hion; 21. pigmentH-gp oeelli; 22, ead ofradia] water canal: 23. aboral baemal rics 
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(1948) the marginal iien e cord (Fig. IDS. I ). This gives off a longitudinal 
senes of mo( or nerves, called by J. Smith (1037) the lateral motor nerves, 
of whicli there is a paii- to eaeli pair of ambiilacral ossicles. These nerves 
ascend between tlie ambulaeral and adamhulacral assicles, innervating 
the lateral transveBs.- muscles that extend between these ossicles, and so 
reach the cw'lomic linii.K where they form a plexus beneath this lining 
througliout the whole of the coelom iFig. 108.1). This plexus innervates 
the muscular layer of the hotly wall, including the longitudinal thickening 
in the median ahoral wall of the rays, and. accoiding to Cudnot (1948), 
also innervates the gonads. This system is thus the eiitoneiiral system, 
although it eertainly is veiy doiihifni that it can coiiespond to what is 
called by this name iu crinokls. 

There ik further proM'iil a hyponcural in llie form of a nervous 

layer in the lateral part of the oral wall of the hyponcural sinus, beneath 
the cwlomic epithelium lining the sinus. This nervous layer, called 
Lange s nerre, although actually it is a plate of nervous risque rather than 
a nerve, is separated from the lateral fwrt of the radial nerve only by a 
thin layer of dermal eotmc<*iive iitsue (Fig. 108/i), Lange’s nerve gives 
off a series of nerves along the arm into the atijacent lower transverse 
muscle that extends bolweejj the aml)u]aerul ossicles in the roof of the 
hyponcural sinus l()8/f). Lange's nerves continue to the peristomial 
region, where they form five Intcrradial thiekeningsin the floor of ringsinus 
that lie's aborahoiho main nerve ring. One perceives I hat the radial nerve, 
as in holothuriniis, is divide<l by a coimwtive-t issue partition into an 
miter cctoneural and an inner hyponcural part, but here the latter Ugreatly 
reduced. The hyponcural port, or Lange’s nerve, is primarily motor. 

8. Sense Organs. 'J'lic epidermis is every win* re permeated >vith the 
usual general type of neurosensory cell, probably serving as both tango- 
and chemoreceptor. These are slender cells with a fusiform body con- 
taining the nucleus, a distal thread-like process reaching to the cuticle, 
and a proximal fiber entering the sul>epidermal nerve plexus (Fig. lOOC). 
They arc especdully numerous in the suckers of the podia, where they are 
er|ual in numbers to the epidermal cells, in the thickened epidermis at the 
bases of spines and pedlcellariao, and along the adamhulacral region 
where their numbers may reach 70.000 per square millimeter of surface 
(J. Smith, 1937). About 4000 per s<|uai‘e millimeter of surface were esti- 
mated by this author In the epidermis over the radial nerve. Xcuro- 
sensory cells are also ver^* abundant in the epidermis of the sides and oral 
surface of the terminal tentacle. 

The only other sensory p^o^•ision of asteroids is the optic cushion at 
the base of the oral surface of the terminal tentacle: the thick epidermis 
here contains numerous photoreceptors, which typically are of the sort 
called pigment-cup ocelli (Fig. 106F1. Each cup is covered externally 
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Fio, 106.— N«rvous s>’st«ia (coaclucM), wsier-vMtulAr 9}*9t«m. A, sccCion tbrous^ 
tne arm of ^farihat/tria«. nonrous system black, motor pari croas-batchad. B, 
Uirough ihc radial nerve and associated parU of A. (A, B. afur 1937.) C, section 
through the edge of the peristome Of Htnricia. mouth to lefi {after J935)* 

longiiudmaJ muscle thickeaing; 2, eudosketetel ossicles; 3, ossicle of tubercle: 4, co»o««“T® 
tuaue: 6. papula; 6. ring cavity at base of papuJa; 7. eatoaeuraJ oerve plexus under coel^m^^ 
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with a cuticle beneath which is found in many species a Jens formed by 
the epidermis. The lens may be wanting. The cup wall consists of 
^ epidei-mal cells, altered into a shorter, stouter shape and filled distally 
with red pigment granules, and of retinal cells, disposed between the 
pigment cells. The retinal cells are elongated cells with a distal bulbous 
cidargcmont projecting into the cavity of the cup (Fig. 107C) and a 
proximal fiber passing into the underlying radial nerve. The number of 
ocelli in one optic cushion ranges from 8() to 200 iti some common specie.s 
and increases with age. In some asteroids, as A^^troptclrn. pigment cups 
are lacking and the retinal cells are strewn throughout the cushion 
(Pf offer, 1001). Photore<*cptor8 are waming in some asteroids of deep 
water, although present in others living at similar depths (Meurer, 1U07). 
Pcskiii (10 )1) has shown that the pigment of the asteroid ot'cllus is photo- 
labile, bleaching at certain wavelengths. 

9. Coelom and Coelomocytes. The interior of the asteroid is occupied 
by a spacious coelom that surrounds (hr digestive tract and gonads; there 
arc also a number (rf minor cot»lomie compuilmcnts. The stone canal 
accompanied by the axial gland is enclosed in a tubular cwlomic apace, 
the axtef sinus, and the latter is In lurn enrlosi*<l in the inner etlgi* of the 
interbrachial septum of that interradius (Fig. 1 13..| j. At its aboral end 
the axial sinus communicalf's with the ampulla of the stone canal (Fig. 
11 2«) and terminates in the genital or aboral sinus, a tubular sinus in 
the form of a pentagon that is Icx-ated on the inside of the aboral wall of 
the disk (Lig. ) U/fj. The genital sinus gives off to each gonad a genital 
branch that enlarges into a sac enclosing the gonad. The genital sinua 
usually docs not make a full circuit as it is incomplete in the region of the 
stone canal. At its oral end the axial sinus opens into a large tubular 
ring sinus that lies to the aboral side of the nerve ring and just to the 
inner side of the ossicles of the mouth frame (Fig. 1080. This ora! ring 
-smus obviously corresponds to the peribuccal sinua of other cchinoderms 
and 18 in fact the hyponeural ring sinus. It is divided by an oblique 
Partition into a smaller inner and a larger outer ring (Fig. 108C), and it is 
the inner ring that receives the axial sinus. From the outer hyponeural 
mig sinus a radial hyponeural sinus is given off into each arm, and this, as 
already seen, lies to the aboral side of the radial nerve (Fig. 108/1, B). 
The h yponeural radial s inus is bisected by a vertical partition continuous 

' mv9ote: 9. Ioncutuain4l ambulMral muscU; lO 

•inbulacnl mu»cle: 12 . ftmpulli. of podium; 13 . 

canal 20 h ’ ,‘2^ hyponogral norvouo ayalom: 12 . radiol wator 

of ponwral aiuua: 21. nerro: 92. podium; 23. narva rins bolow auckor 

® dividins hyponeural radial ainua; 20. 

20 nafva; 28. radial l.aima 

••eural r:„ ‘s 30. T«den.anh'» body; 31. oral haomal ring; 32. Inner ring of l.ypo- 

»lnus« fttg sinua; 31. aaptum of hyponeural rbig 

lining loogjludioal adambulacral muaclea; 38. coelomk 
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with the partition that subdivides the hyponeural ring sinus, but this is 
very iraperfcH^t, permitting ample communication between the two halves 
of the hyponeural radial simi.s. Channels from the latter extend laterally | 
»(> a marginal sinus (Fig. 108.1) that runs lengthwise the arms on each 1 
side just a bora I to the marginal nerve eon I noted above. Fine channelb 
also extend from the radial hyponeural sinus info the podia. There is 
also communication betwexm those various channels and the spaces in the 
dermis of the body wall, although these latter spaces are not regal'd ed as 
of coelomic origin si nee they are without dehnite lining. All the true 
coclomic spaces are lined with the same flagellated cuboidal epithelium. 

The various tubular coelomic sin uses just mentioned are of ten regarded 
in books as constituting a “perihaomal ” .system. They do in fact enclose 
channels of the haemal .system, hut the term porihacmal is confusing and 
i.s here avoi<lod, 

.'V steroid 8 have u much less varietl assortment of coclomocytes than do 
echinoids and holothuroids. There are two main typos (Thde), 1919; 
Kindred, 1924; Lison, 1930): amorbtHyles with ordinary slender pseudo- 
pods and a moeln Kbytes with pefaloid ps<ni(Iopods. These are practically 
idcnth'al with the same typos in cehinoids (page 401), There U general 
agreemejit that the two sorts are phases of the same cell. This cell is 
highly phagocytic and will ing<*sl ink or other inert particles and 

exit with them, mainly by way of the papulae (Durham, 1888). Coeio- 
mocyt(‘s with colorless spherules are also appawKly present in asteroids 
in small numbers. 

10. Digestive System.- The digestive tract of asteroids differs alto* 
get her from that of the prec<*ding clas.se5. It is straight and very short, 
extending from the oral to the ahoral side of the disk. The mouth, 
situated in the ^•onler of the |)cri8tomlal membrane, is provided with a 
sphincter muscle, also with radial fibers, derived from the circular and 
longitudinal layers, respectively, of the body- wall musculature. The j 
motith leads into a short, wide csciphagus which In a few species gi' cs off | 
10 esophageal pouchc?« with greatly folded walls (Cu^^not, 1887; Fig. 
109f'). The esophagus passes into the .stomach, a broad sac that filb 
the interior of the disk and is typically divided by a horizontal constrietJon 
into a voluminous oral part, the rordidc stomach, with folded outpouched | 
walls, and a much smaller, flattened aboral part, the pyloric stomach i 
(Fig. 109.1), to which arc attached 10 glandular appendages, variously 
known as pyloric caeca, digestive glands, brachial caeca, hepatic caeca. / 
cfc. In some asteroids, as Henricia (Fig. J lOA). the stomach is not very 
definitely divided into cardiac and pyloric portions, and in the Echi* 
rmstoridae and Asterinidae in general the stomach sends out a pouch or 
diverticulum, known as Tiedemann’s pouches, to the ora) side of each of 
the pyloric caeca (Fig. 115.4). In each radius the cardiac stomach •> 
attached to the ambulacra! ridge by two mesenteries (Fig. 109/)). the 
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gastric ligaments. These have a triangular shape with one short side 
extending centrally along the ridge and a longer side extending peripher- 
ally. The apex of the triangle is attached to the wall of the cardiac 
stomach by tough ccnmeotivo tissue forming what is calUnl the nodule by 
Anderson (Hlo43, Kmbryology shows that the gastric ligaments are of 
mesenterial nature, and histcdogicul examination proves that they consist 
mainly of con nee five tis.suc, with a small admixture of muscle fibers. 
Therefore they are clearly not nUractor muscles, as usually stated, but 
act rather touJichor the cardiac stomach tAnclorson, IDot). This author 
has shown that ui the iu>dules theconruvtlve-lissiie fibers concentrated at 
the free edge.s of the gastric* ligamcuiU pass into the stomach wall and run 
beneath the ccjcdumii* covering hranehing exlensivoly, cliiefly in the direc- 
tion of the mouth, and corilrilnitiiig lilHus lo (he* musc'iilarand conneetivc- 
1 issue luyc'ts of ihc .stomach wall. Andeixoii has also fmtud iji Axterias 
forfuni a .sy.stern of bruiiching groove's on the internal surface of the 
stomach c'xtending inward from the (*sopliagu.van<i more or less parallelling 
the fdncins .system just mcuilioncxi. Ih'sidc'.s the gasirie ligaments, the 
stomach is uttachcsl t<» the disk walls and interlirachial st'pla by other, 
irregularly arrangexJ inesiaHc*riul strands. 

'I'licrc are twc» pylcirie eaei'u in each arm, each suspended from the 
ahornl wall of the arm by two longitudinal ines4'ii1eri(*.s tTig, l(M)/i**) that 
enclose between them a ccM*loinic spuc-e continuous at its central end with 
the general cwlom of the disk. The length (»f the c.iecu relative to arm 
length varies greatly in different asteroids, A large* and c'onsphunms duct 
runs alcmg eaidi caeiaim and enters the pylorie stomach, either separately 
(Fig. 110.1 1 or after iiiiion with its fellow duel of the same arm; in the 
la I ter case* the five dui'ts o|M'ning racliully into the pyloric .stomach confer 
upon it a pcnitagoiuil shape. Kai h caecum is c(>inpos<*d of a longitudinal 
series of lobule's along both .sicles of the duct, and these are supplied by 
lateral h ranches of the duet. From the pyhirie stoinaeli the very short 
intestine useeiids to the anus, .lust ns it leav<*s the stomach, the intestine 
i.s iirovidcs) with diverticula or eae4*a, eiilhsi the rectal or intestinal caeca, 
sometimes rectal sai*. that lie upon (he uhoral surface of the pyloric 
stomach. Those inlestinal caeca vary from two- or threc-b ranched 
append ages (lug. lOll/f i, as in A/Uerias, to numerous diverticula surround- 
ing the intestine, as in If enrich (Fig. 1 10.1 j; or five single or five pairs of 
iritorrudial caeca may iM-ciir, as in f’nlcifa (Fig. 1 10/^3, attached to the 
lute's! iae by long dticls. By some (he intcwline distal to the caeca is 
termed rectum, .\n\is, irilcHtinc, and intestinal caeca are lacking 
in the phanerozonie families Porcellanaslcridae and I.uidiidae, and 
t lie anus, hut not (he intestine or cawa, is wanting in some genera of the 
Ast rupee tinidue. 

Histologically, the digestive tract resembles the body wall, and its 
layers sre continuous with those of (he peristomial membrane. Charae- 
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Flo. 109.— Dii«Ktiv« iTBCl. A. dis»er1ion of Attcrias f»rbrti. sliowing digestive tr*ct. 
a^ral viow. B. enlarged %'icw of py lor ie stomach and intealinal caeca of A, C. Bchinattf'' 
with esophngeni i>oucltes (a/t«r 1S87). £). arm of Attfna4 after renioval of 

pyloric caeca, showing gonads artd stomach ligamenta. aboral view. E. section through 
artn of A*r cries /orbrti, aboral part, showing mesenteries of p^'lorU^ caeca, 1, p> loric 
caeca; 2. pyloric duct: 3. madeeporite; 4. cardiac stomach: 5. pyloric stomach: 0. intestine; 
7. mtestinal ceecarS. axial gland: 9. anus: 10. in tra brachial septum: 11. esophageal pouches: 
12, stomach; 13. cut intestine; 14. cut body wall; 16, ambulacral ridge; Id, gastric hg*' 
inenf'>: IT. gonad: l«. gonoduct; 19, skeleui arcbes; 20. mesenteries of pyloric caeca. 
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teristic of the latter are a tall epidermis, a wcDnielined subepidermal 
nervous layer continuous with the adjacent nerve ring, and a connective- 
tissue layer devoid of ossicles (Fig. UOC). Its muscle layer, thin pcriph- 
erallv, thickens toward the mouth, where Its circular fibers become con- 
centric with the mouth, forming the .sphincter already mentioned, and its 
longitudinal libers take on a radial disposition, acting to expand the 
mouth. The peristomial epidermis continues as the lining epithelium of 
the esophagus, composed of tall flagellated cells interspersed with raucous 
glands ami granular glands similar to the muriform glands of the body 
surface. Tlic nervous layer of the esophagus is l)road an<l is said by some 
to be thickentnl here into a nerve ring. This is followed by the usual 
connective- tissue and muscular layers, coverctl on the coelom ic side by 
the coelomic epithelium. The wall of the cardiac stomach (Fig. 110£») 
is similar, with a very tall epithelium containing mucous and granular 
glands and a thick nervous layer. Anderson (I0o4) notes that in the 
cardiac stomach of AtUriai forUai a lining epithelium of typi( nl appear- 
ance is limited to the bottom of the grooves of the stomach wall, whereas 
the ridges between these grooves are cl otheil with an allm^d epithelium of 
cells provided with two to six fiagclla and ^'cr^' clongatwl dense iniclei 
and lacking a brush border. It is surmisc<l that these altered epithelial 
cells may he of sensoiy nature. In the pyloric stomach (he epithelium ia 
decreased in height, gland cells arc less numerous, the suhcpithclial 
nervous plexus is much diminishetl. and the mus<‘le layers arc weakened. 
This general (llmirmtlon continues into the intestine (Fig. IIIB), where, 
however, iho con nc<‘tivc- tissue layer is thickened, 

riu* histology' of (he pyloric caeca is complk*ate<i and has been recently 
elucidated by Anderson (19<%) In an article uiifortujiately illustrated only 
hy microphotographs, not reproducible. The caccal wall consists of the 
same layers as the rest of (he digestive tract but (he lining epithelium 
compos<-.s most of the thickness of the wall (Fig. 1114). This is a very 
tall, flagellated epithelium that varies in thickness in various areas of the 
caecum and is made up of four types of cells. Some of the cells act only 
M current prcxluccrs, and these are characteristic of the pyloric duct and 
Its lateral branches. These <‘urrent producers are liberally interspersed 
with mucous glands that also occur, less abundantly, everywhere through- 
out the caecum. The main tissue of the caecum, apart from the current- 
pro(lu<uiig areas, is i'omposed of granular and storage cells, with some 
mucous cells. The granular or secretory cells are densely filled basally 
wan granules, behes ed to be of ensymatict nature. The storage cells are 
n l«l, except distally, with droplets of lipid substances and also contain a 
httle glycogen and some sort of polysaccharide-protein complex. These 
ood reserves m the storage cells disappear in animals subjected to pro- 
onged starvation. The characteristic greenish-yellow color of the pyloric 




Kic. 110- — lliBC'live (continued). A. di»;>ec(cd He»ri€io. aliora) view, with 

mnn)' inte$tinal euecA simI 10 if^loric duet«, B. difcalive tract pf CulcUc. nl>oral ''‘*11*’ 
w’Uli 10 pairs of iixlc'iiiinl rncco and tO pyloric ducts (tf/fcr om/ //aMonn. 1899). 

C. section through the peristome of Henricia. D. section llirougU the stomach of //cNri«<t. 
(4, C, D, a/ler //ayosAi. ]03o.> I. lolmle^ of pjlorle caeca; 2- pyloric durU; 3, lobes oJ 
stomach: 4, intestinal caeca; 9. cut-off InicMinc; 0. intcrbraclual septa: 7. pyloric stornscU. 
8. cardiac stomach; 0- epidermis; 10, nervous lajcr; 11. connective tissue; 12 , lonititudiMa 
musc'le layer; 13, circular muM'le layer: 14, coclomic epithdiujn: lo. lining epithcluM** 
ir>, mucous gland cell: IT. granular gland <'eli. 
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caeca is attributed by Auderson to a pigment in the distal part of the 
storage ceils. Sections of the intestinal caeca (Fig. MIC, D) show a 
greatly folded epithelium containing mucous and other gland cells, while 
the remaining layers are rather reduces! in width. 

11. Water -vascular System. This system has the same const ruction 
as in the previously considered Eleniherozoa. The madreporite, sunk 
into the peripheiy of the disk in an interrudial po>ilion, is a rounded 
calcarcovis plaque markeil with numerous furrows that give it a chara< - 
teristic appearance (Fig, I13/^i under magniljcation. In the bottom of 
these furrows arc found u number of pores, each c»f whiel^ leads into a pore 
canal passing inward in the substance of the mndreporite. There may 
1)0 around 2(>0 pores and pore canal s. The latter unite to collecting 
( anals that open into an ampulla beneuth the madreporito (Fig. 1)2^). 
From the ampulla the stone canal |>r<K'<*e<ls iia the r»rul <lirecti(>n and oj>ens 
into tlm water ling^ The Nsaler ring is hxated iu>1 io the inner side of 
the (>eristorniul ring of c»s.sieh^ and directly uf»(»vc (aboral toi the outer 
hyponearul ring sinus (Fig. lOHf*). To its inner .side the ring canal gives 
olT intcrmdially (ive pairs of small, irregularly shaped borlies, called 
TuHicrmum's hfxlie.s. dial rest upon the perist(»mial ring of ossicles (Fig. 
II3.I). Tliey are pn'«*nt in all ii steroids, but in some one is missing 
at tlic site of entry of the stone canal into the water ring, leaving a total 
of nine bmllo. In many asteroids, the water ring also gives off to its 
Inner sidi* In the interrudial positions one or mon* |H)lian vesicles, similar 
to those of hoUiilmrolds. which hang freely into the cwlomic cavity of 
the disk. A single pollan v<*sicle may he present or one in ea<'h inter- 
rad ins, except that of the mad repo rite ((T)). or two may occur in (d) and 
iMic each in the other Interradil. or two to four may Ik* given ofT In each 
Intel radius (Fig. 1 1 3 A’, F). rsnally those in one inlerrudius spring from 
the water ring by a I'ommon canal. Poliari vesicles an* altogether 
wanting in the families Aslerildae and Kchliiasteridae. From its outer 
surface the water ring gives off a radial water canal into each arm that 
run.s the length c»f the arm und terminates us the lumen of the terminal 
tentacle. In the arm the radial water canal runs immediately to the 
oral .side of the anihnlacrol ridge, Iwtwoen this ridge and the lower 
transverse ambulacral inu«dcs (Fig. 108.1. E). between successive 
mrisclcs of this series, the radial water canal gives off on each side a 
lateral or podial liranrh, providwl with a valve, for each podium. The 
podiul hraneh. after reaching the amhnlacral pore between successive 
ambulacral os.sicles, forks at right angles to continue as the lumen of the 
podium, on one hand, and as the lumen of (he ampulla of the podium 
on the other hand (Fig. U)0 .\ ). The ampullae are typically rounded sacs 
readily seen in one or two rows to either side of the ambulacral ridge in 
the opened asteroid. There is usually one sae to each podium con- 
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Fio. in.-“Hj*toIoio* oJ the aiBcstive tract, 4. awtion Ihrounli the pylori* r*er*. 
B. aectinn tUrouffh the Intestine proximal Co the inlcstinnl caeca, <\ coition throuicn »'• 
of the Mitcitina! cuoca. D. enlarsoH view of »mal1 part of (All of Hrn’tcia. afi^ 
H^yoahi. JMo.) 1. epithelial cells; 2. mucenjs pl:in<!»: 3. granular glands; 4, ner^*og^ 
laj er: 6, muscle fibers; 6, coelomlc epitlielium: 7. connective tissue, 

tiiiuous with its podium through the corresponding ambulacraJ 
(Fig- 108.4). However in many a-steroids the ampulla is bilobed to 
var>'ing degrees (Fig. 113//), and the constriction may be earned so 
that each podium appears to be supplied with two ampullae. 

The madreporite is clothed externally with a tall, flagellated epi- 
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tbellum that continues into the furrows but diminishes to a cuboidal 
shape (Fig. \\2D, E) in the pore canals; the stone canal is again lined 
with very tall flagellated cells (Imr. 1120) iiiulerlain by connective tissue 
heavily impregnated with calcareous depo.<it> arranged to form rings. 
The stone canal is a simple tul>e in young asteroid.^, but later a ridge 
develops along one side of the interior: this may remain as a ridge (Fig. 
U3C) but usually develops further, comnunly bifurcating into two 
vertical lamellae whose edges are more or Icsn rolled into s<Tolln. so that 
m most asteroids a 8<H*tioii through the sioiu canal apjiours, as in Fig. 
1 13G. Other more complicotctl variations cMTur. The ridge may meet 
the opposite wall» dividing the interior into two tulK*\ and each of these 
may be provided with a pair of s^'rt^ll^ (Fig, I13/>J; or the lumen may 
hocomo subdividwl into a number of cluinncU (Fig. 1 13./). .Vppnrcntly 
these various arrangements are cut ice rued with pnalncing a circulation 
in the stone canal. The epithelium is said to be shoricr. witfi shorter 
flagella, on the scrolls, ridge^, and partitions than on ifie ])rimary wall. 

The poliun vesicles are lincil by a flattened epithelium, fol1owt*<l f>y a 
heavy layer of circular muwlcs; to the outer side of this oe<'urs a stratum 
of connective (issue eontutiiiiig hnigitudinal muMdo fillers in tlic larger 
vewcles, and the whole is clothed externally with coelotnic epithelium. 
Tiedemann’s bodies arc hollow with a givntly foldeil interior iFig. 

Svetlov (U)1C) investigatcHl their struetur* in l(i s))eeics of astto'oids a) id 
found that they are lined by a columnar to flattened epithelium, sur- 
roundwl by conruvlive tissue containing some muscle fibers and covered 
•xtcnially with coelomic epithelium. The lumen c<»ntaii)s coelom ocytes 
and coagulnt<^^ fluid. The ring and radial water canals arc lined by 
flagellated e<s*lomle epithelium and consist cMherwi.se of connective tissue 
generally devoid of mu.««le fibers hut sometimes cmitaining a few, On 
the* other hand, the ampullae art* highly mu.sc'ular, having a layer of 
muscle libers outside the lining epithelium. According to J. Smith 
(1047), the mu.sc‘le fibers run circularly in x.ie bifurcated ampullae of 
fi/ropcefc« (Figs. 1 13//, 160/?) but longitudinuily in the simple ampullae 
of /Ufenojr (I'lg. J60.1). The muscle layer is followed by connective- 
tissue hbers running at right angles to the muscle libera, and the surface 
18 clothed with coelomic epithelium. 

12, Aual Complex, Thix .'omplt-x is well developiKl in astoroida. 
rUe axial sinus ,s a thni->vall<Kl tubular ,-c«l<,mic cavity that contains 
the Slone canal and the axial gland, I.oth fastened to its wall .dose together 
by mesenteries. The wliolc complex is enclosed in or intimately attached 
to the interbrachial septum of iiiterradius CD (Fig. 113.1). At its 
oral end the axial sinus opens into the smaller inner ring of the hyponcural 
nng sinus, and at its ahoral end it opens into the genital sinus, further 
into the ampulla of the stone canal (Fig. 112«). The axial gland is an 
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Flu. n2.~DiBvnliNe 5y»t«ni (voni’ludedl. w»ler-v«N*glar A, ncctioii of distal 

part of the iiitcstiue (rectuuit, B. vortirat H?ction through (ho madrcixirito niid under* 
lying part.'i. C. croes aoclion througU Iheftlviio canal {afit* Homann. 18S5). D. ci*itholiu>n 
of i>ia<Jrei»orie groovo. B. crOM eoclion of a poro c*nal. [A. B. D. B. Hi unde, of If' 
Hay< 2 *Hi. 1935.) 1. epithotigm: 2. muroua gland: 3. connectU-e tUaua; 4. layer; 

5. coelomic epitUelmm: G. inadreporile: 7. pore canals: 8, collecting canal: 9. axial ajaua: 
10i atone canal; 11. ampulla: 12. opening of ampulla into axial sinua: 13. dorsal aac: 14> 
process of axial gland in dorsal sac: 15, axial gland: 16 . gastric haemal tufts. 
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elongated spongy body, mostly biownisli or purp)i>h in color, referred 
to in the literature by a variety of names, as heart . ovoid gland, dorsal 
organ, septal oi^an, brown gland, etc. \i it.** oval end the axial gland 
thins and terminates in the septum that subdivides the byponoural 
hng sinus. At its aboral end. the axial gland lias an ahorul extension 
or terminal process, similar to the terminal jjrcM'css of the gland in 
ec hi no ids, that is lodged in a M*)>arale. elaseci >a(*. variously called Icrniinai 
nQC, (lonai 8QCy or madrtporic vesieJe, ^\*\ to be contract lie. Q'lils sme is 
situated under the madreporitc. do.<e to the ampulla of the stone canal, 
hut has no communication wit!) the ampulla. 

The axial gland is clothed externally will* |>erltoncuin. The interior 
consists of CDiinc^'tive ti»uc outlining numerous spaces tliat <'ontain 
irregularly arrangixi cells of the nature of ciK*lom<icytcs (llamann. 1885; 
C’ucnot, 1887; Hg. I NO). In thnricia. however. l!aya>hi iIWj) found 
the coi*lomocytcs M'utteml throughout the connective tissue (Tig. INC), 
'rhe I'olor of the gland curucH from graiudcs in the c<MOoinocytc.s. 

13. Haemal System. This syMcrn is iiicoii>piruciUs in nstcioids and 
has been ciucidutiHl mainly by mi'ans of stuial sections. It is for the 
nuist jmrl eiK’losed in cueiomic spaces, whence, as uln^ady mentioned, 
the latter arc often confusingly called |M'riliaetnal spaces or sinuses. 
The Tnain or oral haemal mg runs in the septum that subdivides the 
hypo neural or peri hu era I ring sinus (Tig. 108t'). It gives otf a radial 
haemal into eui h arm, and this sinus is h>c*ut(sl in (he septum that 
.subdivides the hyjxmeural radial sinus of each arm (Fig. 108/^), The 
radial haemal sinuses give olT branches into (he pixlia. From the oral 
haemal ring a haemal plexus ascends in the axial gland, the cavities of 
which arc in elTecl haemal ehannel.s, and enters the abaral haemal ring 
which runs in^de the a bora I or genital coolomic sinus and gives olT haemal 
branches to the gonads inside the eoelomie branches to the gonads (Fig. 
114/0. Olose (o its junction with the ahoral haemal ring, the haemal 
plexus of the axial gland rccoive.s haemal strands, known as the gastric 
haanaf tiifls. whic*h come from sinuses in the wall of the cardiac stomach 
and cross the general coelom to reach (he axial gland. There are gener- 
ally two gastrii^ haemal tufts, hut they vary from one to four. They are 
the only part of the haemal system not eti<*losed in a coelomic channel 
Ac cmliiig to some authors (Cuenot. 1800, lUOl) there is a haemal channel 
in the base of each of the two mesenteries (hat attach eacdi pyloric caecum 
to the al)oral wall of the arms, or a tula! of 20 pyloric haemal channels 
Thc.s(* communicate with th<; plexus in the stomach wall and so with the 
axial-gland haemal plexus by way of the gastric haemal tufts (Fig 163' 

1 his system would therefore convey products of digestion Into the haemal 
system. It would appear that the haemal plexus of the axial gland is the 
center of the haemal system, so that its original designation as heart is not 
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Pio. 113. — Water>va»cuJftr »y»C«ni <con(*ludcd>. it. dissection of Atltriat 
ivboral vieic of mouth frame and associated parts. nadreporite of /orfrr<«' 

C, ssctioB of stone canal of //«nncva («/f«r Hayotki, It^). D. section of Che steps eaoai 
of ilstfopsefsn. B. water ting aod poli^ veaides of AtUrina tnhteso. F. one of Che 6ve 
clusters of pollao vesieJea of ^sfrepetfcn evrannacvs. Q. sectloo of the stone canaJ of 
defer Car. H. bifurcated ampuJia of dsfropeceen. J. aectioo of sCodo canal and anal 
ainus of CvlciiQ. (Z), B, F, J, offer CuMef. 1887). 1. lAterbracbial septum; ads in * 
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(Surprising. As already indicated, the terminal process of the axial gland 
is enclosed in a contractile sac. Contractions of the terminal process, 
the axial gland, the gastric haemal tufts, and the ahoral haemal ring 
have been reported (CJommill. HIU); hem*e there is little doubt that the 
fluid in the haemal system undergoes some mo>'ement- 

The haemal channels have the usual histological construction (Fig. 
MiE), being essentially identical with the uxiul gland. 1 beneath the 
covering coelomic epithelium occurs a layer of connective tissue bounding 
internal channels containing coelomo<*ytes. 

14. Reproductive System and Breeding Habits. There are typically 
ten gonads, two in each arm, lying free laterally in the proximal part 
of the arm (Fig. lOD/^). At its proximal end the gunacl is a Mac hod near 
the interhrachial septum; the point of attachment indicates the loeation 
of the small gonopore, usually one to each gonad, although in nome species 
a group of pores is present. Some asteroids with spc^dul breeding habiU 
have vent rally located gonads that open orally {J^plaxtiriax, Asterina, 
Fig. Ilo.lj. The gonads arc numerous, m*urring in a row along the side 
of cu<’h arm, each with a separate gonopore, in the Luidiidae, several 
genera of the Astropectini<lue (Lfpft/rhaster, DipftacQist'r, Ctvnoplcurc, 
TcHtyonlfr, ThrisaficQiithian. and one «pc<'ies of AMropccIcn), several 
geneva of the (loniasteridae {Roitatltr, Meth'aatrr, Pcltuiier, Anlkciioides, 
Atelorias), some Brisingidae {/Jriafngo, CraUrohrininya, BrisingencB, 
BfUinya^lci', Frfi/fltaater), und no doubt others. .Sueh a eondition of the 
gonads is spoken of as wrtaf. In some cases the gonad tufts arc strung 
along one duct with one pore in the usual site. In several species of 
Upti/rhaater, the serial condition of the gonads is limited to males, 
whereas females have th<» usual pair in each interradius (Fisher, 1917), 
The gonad appears av an elongated feathery tuft or tuft of tubules or 


bunch of grapes, whose rize varies gn*atly according to (he proximity of 
spawning time. When ready to spawn the gonads are greatly enlarged, 
often reaching to the tip of the ray; after spawning they are reduced to 
small tufts. At least in young stages the gonad can be seen to be enclosed 
in a genital sac of coelomic nature with a wall of muscle and connective 
fibers, covered externally with peritoneum (Fig. 1I5C). This genital 
sac is an outgrowth of the genital or aboral coelomic sinus. The gonad 
proper is lined by germinal epithelium, containing the germ cells, under* 
lain by connective tissue. 

The sexes are separate, although hermaphroditic specimens of 
normally di oecious species are sometimes found. Ret 2 ius (1911) 

b^cril component of motth frame; S, imbuUcrsI component of mouth frame' 4, podjd 
on mouth framo; 6. embulncral ridae; S. welet rln«; 7, Tiedemtnn^e bodice; 8, p«ri- 
modwrite; 11. etooe onani; 19. axial gJand; 13, mouth i 
Ifi! ** 1 ’ r oral haemal tint; IS, radial baecpal siaua; 17, jidfa in etooa canal; 

ic, cireuUr muacle fibere; 19. axial eiaua. 



288 


/'// YU' M tVH/ .V ODE/fM /i TA 


I'opoi'tcd a f‘|>cc iin<*n of rubcnti iit which each gonad was partly 

male and partly female, and a >jmilar .*^pcc*imcn of Marikasleriae glacialis 
A* as recorded l)y Hu eh nor C’uonoi (1808) had an individual of 

the latter Kpccios with little islands of sperm in the ovaries. A Lepiaater’ 
ias grocnfandica witli nine ovaries and one hermaphroditic gonad was 
reported l>y Lielierkind (1020). C'urious sexual conditions obtain in 
Asterina {/ihhoaa. a common .spinulose .Mar of western Europe, which has 
vent rally located gotiads and oral gonoporos (Fig. 1L5.4). In the English 
C'hannel this specie.^ behaves us a protandric hermaphrodite, spawning 
as a male when young {H of ti to 8 mm.), then becoming female for the 
rest of its life t(‘iKMiot. 181)8). On the Mediterranean coast of France 
(he relation of sex tn size ix less precise, and specimens with an R length 
of 7 to 18 mm, may spawn ns male.s and those with an R length of 15 to 
24 mm. as females; the largest specimens are all females. At Naples 
(Hacci. t041M. individnals are either male, female, or hermaphroditic, 
without regard to size. Fromia ghordatjana from the Rod Sea is 
similarly a protandric hermaphroditic (Mortensen, 1038); young speci- 
mens are almost pure mules with a few eggs in the testes, hut with age 
more eggs <levelop in the gonads, and large specimens are nearly pure 
females, although some may function as males. In Aatnin<i hofheri, 
Japan, most sjjccimens are dioecious, tiui some hermaphroditic indi- 
viduals occur (Oh.'^hima, 11)20). 

The Ke.xcs usually cannot \ye distinguished externally except in the 
rase of hrooding females. C'olor differences between the sexes at the 
height of breeding have been recorded in a few instances (Agassiz, 1877 ; 
Studer, 1880: Ludwig, 1882); very likely the color of the ripe gonads, 
n bicb differs markedly in the two sexes, had affected the exten^al color- 
ation. Testes are generally pale, ovaries pink or orange. Studer claims 
that the sexes of Oreasier nodo^us. Indo-Pacific, differ not only in color 
but also in the more strongly arched disk of the female. The males of 
ArchasUr ti/picus, a common littoral phanerozonic star of the Indo- 
Pacific region, are possibly slightly smaller than the females (Ohshima 
and Ikeda, 1934; denied by Clemente aj>d Ankete, 1949); but the differ- 
ence, if any, is so slight as to necessitate recourse to statistical analysis- 
A smaller size seems to obtain for males of Lcptastcrios ochotensia (Kubo, 
1951). 

A sort of copulation occurs in Archaater tgpktia (Boschma, 1023, 
Mortensen, 1931; Ohshima and Ikeda, 1934; Clemente and -Mii^tc- 
1949). During the breeding season around Java and the Philippines, 
large numbers of pairs of this sea star may be seen lying on the bottom m 
shallow water, and inv estigation shows that the top member of 
is invariably a male, the lower member a female. The male lies with his 
oral surface pressed against the female's aboral surface and ^ith his arms 
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115.— Reproduction {continued). A. redle* eectlon of di*k end »rm 
ptbbow. showing oral gonsd <e/te. Cuind. 1887). B. r^n* clJct 

brood chamber fUowin* strands of attachment (4ifUr Lvdicig, C. 

the ovary (o//rr Wo»uinn. 1886 ). D. central masses and * 5,^2 

Uhy nw sLwd. of Lrpfoslcrioe ortfto,. B. ieptos^rrios fffoen/oarfico a ith lob. 
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alternating with here. A dmiiar b€ha\'ior wa* reported for Ar chaster 
anouhive at Mauritius by Mortensen (1031). Gathering of males 
amund ripe females with subsec |uent ^pa\vnillg has been noticed for 
Asierin^ yitbosa, Mediterranean (Ludwig, 1882), and Lepiasterias 
ochotensis, Japan (Kubo, 1951). Gemmill (19 U) for two British sea 
stars noted that spawning is induced in ripe specimens of cither sex by 
the presence in the water of sex cells of the other sex. Mortensen 
(1938) recorded that when a number of ripe .«^pecimon.‘i of Froinia ghar^ 
(laqona. Red Sea. were put l<H;el}ier in an aquarium, they would spawm 
about the middle of the afternoon, with the males always preceding. 
However, isolated specimens of either sex. if np<', may spawn in the 
laboratory. Asltrias Jarbesi off the New England coast mav be ind\ucd 
to spawn, presumably if the gonads are ripe, by a rise of temperature, 
oven of only 2 or 3^(V ((la It soli and L<wsaholT, 1930). A peculiar 
behavior obtains for Patino mi»iata, California, which will jpawii when 
ripe if kept out of water in damp conditions (N’ewman, 1925). 

The asteroids usually have one annual breeding [KTiml, and in the 
North Temperate Zone this usually falls in spring, probably evoked by 
the rising temperature. Astcrias rulgans. off the Atlantic ('oast of 
(’anada, spawns in May and early June ((1. Smith, 1940). and .1. 
(orhefti on the New England coast in June (Mead. 1901). On the Pacific 
Coast o( the Vnited States. Uj>(a8tma4 pusilla brewls in Jnnuarv (lusher 
1030), and Patina miniala in April and May (Newman. 1921), both in 
the Monterey Bay region; Uplasterias kcjeactis breeds in I>ug<*t Sound 
froj^ rcliruarj' to .\pril (Ostenid. 1918) ; and Piwtrr ochrarcus, I::iasleria8 
Iroscheh, and Pycnopwtia hclianlhoiAes are ripe in May at 1 ancouver 
Islana (Mortensen, 1021). Similar times of breeding obtain for the 
common asteroids of the British Isles: Astcrias rubens in April and May 
(Vevers, 1948); SalasUr endera in March and April (Gemmill 1912)* 
Porama pulnllun from April to June(Ocmmill, mbh);/renriciasanguino^ 
fenta from Icbruary to April (Masterman, Vm); Upfastcrias miUlcri in 
Mar.h ...d Apr.WMorte..>*n, 1927); Mcrlha^Uria, glacialU i., summer 

R 0«1 r"'r in May and June (Cu4not, 

S98). In Japan Ltplarttna, ochotmtit breeds in April and May (Kubo 

<1921) found several Japa.iese sea stars ripe in 

sritar!. r *=“*0" is shown by Mediterranean 

thus here breeds from March to July, best 

m Apn! and May Mortensen, 1921 ; Ludwig, 1882); BchinaaUr Bfpositus 
m summer and fall (Lbhncr, 1913; Kachtsheim, 1914); and AsfrLcten 
onranann us from Februa .y to June (Hbrs,adi;s, 192Ca, 19^) Data 

goriHd; itiitfAl 9 . atUdinUnt ouicles; 7. 

12. aoiiBo-: J3. cipcn«<t stomach u *.11 ^ ^maoh: IJ. pyloric ducU; 

«s. 
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on the breeding times of tropical sea stars of the Indo-Pacific area are 
found in Morten sen’s studies on ec hi noderm development (1921, 1931, 
1937, 1938). In the Ped Sea. some species were found ripe in April and 
May, others from July to September. At Java, Archas(er tijpicus and 
A cant hosier plonci gave ripe sex cells in April; at Mauritius, Culcila 
sckmiedcliana was bred in September; and at Hawaii, Asterope carinifera 
in April. A sir ri no exigua on the .\ustralia coast breeds from March to 
December and prol>ably throughout the year (Whitelegge, 1889; Morten- 
sen, 1921). One lone record is given for the West Indies, that of Opki- 
diasier guildingi breeding in April (Mortensen, 1021). 

The sex cells arc generally shed from the gonopores freely into the 
sea water, and the parents then go about their affairs; however, care of 
the young l.s not uncommon in asteroids. Astcrina gibbosa, western 
Europe, .1. txujua, .Wstralia, and I^plaaterias ochotensis, Japan, attach 
their egg.s to objects, typically the undersurface of stones, and in cone- 
I at ion with thU habit, have orally located gonads and gonopores (White* 
legge, 1889; Ludwig, 1882; Mortensen, 1021; Kubo, 1051). The cg«« 
are very yolky and relatively large (0.5 mm. or more in diameter) and 
adhere by their surface membranes. The mothers here do not remain 
to protect the eggs, hut (be young may maintain contact with the empty 
membranes for a considerable period after hatching. Genuine brooding 
of the eggs is exhibited by a number of sea stars, all of which are limited 
to colder waters, chiefly in the Southern Hemisphere. Ludwig in 1903 
listed the 10 brooding species known to that time and pointed out that 
only 5 inhabit northern waters, whereas the remaining 11 are antarctic 
and subant arctic species. Among the spinuio.'e and forripulatc sea stars 
brooding occurs in the following manner. The mother arches the disk 
so that it becomes concave on the oral side and bends the arms ventrally 
so that the arm bases with the concavity of the disk form a considerable 
space (Fig, H4.1) in which the egg mass is retained while development 
proceeds to the stage of tiny stars. During this period the mother does 
not feed. The eggs of such brooding stars are large and yolky (up to 
2.5 mm- diameter) and strongly adherent into a compact mass closely 
pressed against the mother’s peristome. In some cases the young 
developing from such masses are found attached at their mouth region 
to a common .strand (Ludwig, 1903; Fig. U55) or seemingly may he 
attached to the mother. In Uptoslcrias arctica (Fisher, 1930), 
baby star is attached by a strand to one of several central soft masses 
(Fig. no/>). 

The habit of brooding beneath the disk was discovered by Sats 
(1844, 1846) for two species of cold north European waters, Ilcnnci^ 
sanguinolcnta (Order Spinulosa) and Lfptcstxriaa miilUri (Order Forcipu* 
lata). It was then seen in a number of forcipulate sea stars from South 
American antarctic and subant a retie regions: Anasterias anUtrcl^ca 


ASTEHOiOEA: REFHObl 'CTIOX 293 

(Phillipi, 1870; Perrier, 1801); Lijsa;iten<ts perricri {E. A. Smith. 1870, 
1879); AnasUrias studeri. I)ipla9tfnni l>rondti {* fulhni), and 
asUr steineni (Perrier, 1891); Li/MsU nttn fn tf/frav and vltirophora (Ludwig, 
\m);CryplQ${en<jstHr(,,idi (Koehler. 1900); and Diph^tcriaH oclorodwUr 



lie. Ii0.-lirood,«,g «jcllc star. LnMgrkuticr <fi,j„j|y A»lrojXM.tihid«», Kanulmlk, 

Eifktf. 1V17). 


Oruen, and mm,linnalh (Kisht-r, l<M0). UNtMT (l!M0) remarks Inicfiy 
yu JO >H)oding habit of asteroids of eolci South American and adjacent 
an aiclic waters and lists the following genera of (he rcgioji as having 
^<^‘11 found carrying young Ijeneath the disk: Hampylast^r and HItopiella, 
Cr ^*?^*^**^ Spinulosa, and Anasstcrias. Lijitanferias, />ipfa«/cna«, 

famM and GrQna$tcr, Iwlonging to the fojcipulate 

8oin/n nv' . ’ that brooding will be found to occur in 

‘ < I lonal genera: .\f irasircUa (Spiniilosa) and Anieliastcr and 
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Psalidasfer (Forcipulata). Brooding species of Asteriidae are furth^ 
found in the cold waters of the North Pacific from the Puget Sound region 
to the Aleutian Islands and Bering Sea, notably Leplasterias kexactis and 
arclica (Fisher, 1930). A study of LeptasUrias hezaclis in Puget Sound 
was made by Osterud (1018), who noted orally located gonopores. 
Lepinsterias pusilla in the Monterey region of California has a more 
southerly location than the forgoing, but the water is permanently 
about as cold as in Puget Sound. This species is found carrying eggs 
and embryos in January (Fisher, 1930). 

Brooding is occasionally found among the Phanerozonia, but members 
of this group are not able to form a suboral brood chamber because of the 
atiflncss of their bodies and their generally short broad rays. In a few 
species the eggs lodge among the paxillae, and as the embryo increases 
in size, the paxillae arc gradually pushed aside and the young star rests 
in a depression of the greatly thinned and stretched aboral body wall 
(Fig. IIG). This type of brooding was discovered in Lcpiychasief 
kerguclcnrnsiff. from Kei^uolcn (Thomson, 1877, 1878). Other cases of 
this type of brooding are Lcpttjcha$Ur aimuz, Kamchatka (Fisher, 1917); 
Lepiychaslcr u6cr, northwest Pacific (Djakonov, 1920), and Ctenodizexa 
auztraliz (Licberkind, 1920), off southern South America. The numbet 
of young carried by these sea stars is mostly below 30. 

Still other methods of brooding the young are known. The antarctic 
Odinella nutrix, belonging to the Brisingidac, carries its young in the 
angles of the many rays (Fig. 150). The bases of the rays are abruptly 
swollen, so that their spines intordlgitate, forming a sort of basket iQ 
which the large eggs, five to nine per basket, de^'clop. Perhaps the 
most remarkable case of brooding in asteroids is that of the circumpolar 
LepiaztcriQz grocntandicQ (Lieberkind, 1920; Fi?her, 1930), in which the 
young develop in the pouches of the cardiac stomach (Fig- 116^), ofw® 
found packed with baby stars. Here the gonopores open on the oral 
surface, as appears to be generally the case in Leptazteriaz. The eg^ 
are few, large, and yolky. Something similar occurs in Granazicr nxilr^ 
south Georgia, in which, according to Studer (1885), development be^ns 
in the stomach pouches but is completed as usual in Asteriidae, jn ft 
brood chamber beneath the peristome. 

Different from any of the foregoing is the type of brooding arrange* 
ment seen in the spinulose family Pterasteridae. Here a brooding ^ 
Didamental chamber is present between the aboral body wall ^ 

supradorsal membrane supported by the crowms of the paxillae. T e 
eggs pass from the gonopores directly Into this chamber where develop 
ment ensues- The embryos are aerated by the pumping of Nsatcr 
through the spiracles and out of the osculum. As the nidamen 
chamber is well developed in males, it seems probable that it n as e'\ o v 
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Flo. 118 .“Embry©logy (con(iftu«d). A. Attr^pccftn av'anfiacua, 14 day*, 
view. B. eame as A. dorsal view. C. same as A. richt side. [A-C. a/Ur ^vrs/oWius. 
1939.) D^H. Auerina gitAaaa. D. larva of 4 da^s. cuMing off ooe large coelomic.' $ac. 
B. similar to D. ©sternal view. F. wmllar to D. viewed from iu front- G. Utcr it age. 
coelomic sacs advancing posteriorb*. E. ^ay lan*a. ©sternal view, showing attocJiment 
apparatus, (D. F. <?. a/Ur Indvig. 1882: B. H. a/»er ^^arBri4^. I89C,> 1. mouth; 2. 
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for respiratory purposes and was secondarily utilized for brooding, 
According to Fisher (1940). probablj- all species of the pterasterid genera 
Pteraster. Hi,mcna$ler. EuretaMer. an.l DiplopIfrasUr brood. In non- 
brooding genera, as Manipaaltr. Calyplraifcr. aixl «<-»//, o,/er, the Mipra- 
dorsal me-nbrane is dcli<ale uihI pnoily .levelojjcU. llrocKling in the 
Pterasteridae was disrovere.1 in 185(5 by Daiiielssen and Koren in a 
PkraMff from Xorwcgiaii wateis; 8 to 20 young were recorded in the 
nida menial <hamI)CT. 

Brooding asteroids usually prtniucc relutivelv few large yolkr and 
opa-iueeggs, which develop without any free larval stage, Thcnumi.er of 
young often ranges from a few to 'itK). but s.)me liun.lreds may be present 
m the mass larried beneath the iKoistomc of forcipulatcs Osterud 
(19181 counted a maximum of llbOcggs in the egg mass of /.epfos/erm, 
lirxncliH m Puget Jsound, and Ku.lo (lti:,l, 10() S(x) j,. /,. 

Japan. On the other Inind. tin nf eggs dis. hnrgtsi l,v nonbrnod- 

mg species rnns into million.s. Thus (ien.mill (l!(| |, oMim'ated that a 
emule of Isfcrtcs ruU„, gave off 2..50().()(K) eggs during a spawning pet hd 
astn.g > hours, and such a female may spawn more than one,, during the 
breeding seas,, n. .Morlcnsmt (HllS, estimated 2O(),0(HI,0(MI .ggs intln- 
ovarios of f/uulta cfitoris, 

16. Embryology. The ..ml>iyolog.v of asteroids has lua-n ,rell studied 
by a succes-sion of invest, gators: Aga.ssiz (i«77, and 

TL Si f r (i-mmill for Sola.kr 

c /CM (1911 for Is/rrm, (|.||.-,b, f„r /Vo„m (1<)1«) 

for .Uena. ghnal,,. lUnnem Soh^kr rn,kra and .SVtcA- 

Ma rosea, atul (ITJO) for frossa.frr ,n,p„osns.- Xachtsh<.im ( 9U or 

:„;.ascr ,rpo-„(as; Heath (|..,7, for PaUrin nnniak; Ostert.'i B„8 

9251 orTr T‘"' f"-- •I'-fcrta, raiens; Xewth 

(IJ2.>) for .U/rtrprr/rrt irfryw/orw; llorMlndiiH for / • 

u)»i Har» and (Mrilla l<n<h L.r i / ‘ ^ tor /.Mtdw a'lam 

rum f \ '^»ffvprclen ar/rfmciQr»/«,' and Kubo 

( 111.1 1) for Lepta.ftf'nQf ochohitHu. Thrir aro fiirtlmr i . 

other e.’hinodcrms, there arc two Asm 

mm^mi 

.Uh special ..ference to th^rdlablll 

»>«oUy.lrocoel; «. v^oV^Ilo/^!.f'wl •xohydpot«oel: 7. left 

12, rleut '“?• '0. .sal loop: ,1. lo,t 

«ll'«nvo insroin of proor.l l.,l„: 22, »in.,or^Ls M '• 

• wKer, 24. primonum of 9ea star. 



FiO. 119.— Embry olojy (cdfttinued). A. A^fritta 
th« l«tt side: U attacbed ia/ler MoeBride, 1996>. B. At 
ment apparatgs deceneratioc Witr Ludwio. 1S62). C 
1912). C. Begin ning formatian of co«lomie sacs. 8 da3*s 
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account of Hoisiadius further valuable in that it contains a 

mn-.iing review of preceding accounts. 

Cleavage is total and practically ecjual, ullhouEh in some species the 
average size of the lilastomeres incn>ases slightly toward the vegetal 
pole. In some .-pcies cleavage proisasls clircs'Ily to the forinatiou of a 
typical coeloblastula, whereas in others the blastnia is foi' a lime mure or 
Ic.ss solid or may have greatly iiifold.sl walls. A . ix-loblasliila eventuates, 
nowever, in all cases. A typical embolic iiivagiiialion ensues, with the 
piixiuctinn of a rather narrow archenteroii. During the invagination 
the advnncing lip of the archenteroii gives off a limited amount of 
mesenchyme into the blast.iccx-l. The blind inner end of the completed 
archeuterou expands and cuts off on each .side a eoelomic sae, the hydio- 
enlcrocwl (hig. 117.1, /< 1 . These lake up a position to the right nnd the 
left ol the archenteion and gradually elongate in the plane of the long 
axis of the laica, invading its anterior region. The left livrlroenteiocoel 
puts out a narrow evagination toward l|„. dorsal suifni’e that forms a 
hy.lrojnne there (l-'ig. eili.er with or will, out the participation of 

an eelodermal invugination. Meantime, on the opposite or ventral side 
of the larva, a stomixlaeiil iiivugiaation meets the archenteroii and a 
digestive tvaet is established. The l.lastopor.-, sliifted somewhat 
ventrally, remains as the larval anus. The digestive tract soon differ- 

fi' r'lir/n'' •^'omaili. and intestine 

I ig. 117/;) and has the ...irvisl sharK'. The two hydr<K.nterocoels 

ont nue to extend into the anterior end of the larva aiui eventnallv 

me, I and fi,.,e, so that the ewlom us a whole has a f shape (Kig 121)/?) 

— ^-heUAnd^t 

In some asteroids the m.Kie of formation of the e,K.lom diffeis from 

! , i" the whole .ni,Z 

is- a single coclomie sac (Fig 118Z)) and 

-ijds „gh. and left extensions backward alongaiie th^ ^' 3 "^ 

;cr;r',tr 

loU ; 2. Uydrocwl wiih Jobe*: 3. dof»«| ^ *• 

a, u<i.‘*jvc ends pregr^l lobe; 6 termlftar^!. of definitive wme; 

roe om; 9. pri.DonJium of dr^ "^ ^7/ '' 8. main part of 

cocW extem»io„ mo UaelJSLr L braehblar arm: 12. 

horn of left •omatococi: 16. doraal ’of lift *5. veotraJ 

camtl; 19. auoker: 20. ri^t aamai«^ ^ »«*tocoel; 17. bydroporc; 18. hydroporio 
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archcntoron (Fig. WOC. />), aiul the middle part of the archenteron then 
bocomo the enteric sac (Fig- U0£). These asteroids have large and 
yolky eggs, an<l the larva does not feed, lacking a mouth and anus. 

Sooner or later, in typical indirect development, the embryo escapes 
from Uu* egg memlnane. develops cilia (flagella?), and smms about as a 
larva. Tins may happen in the coelobia-stula stage during the fii'st day 
of development, as in Aster iofi rubenn and other species of AsUrtas. 
With the completion of the dige.stive tract the lar\*a begins to feed and in 
fact cannot develop further without food. Feeding is accomplished by 
means of powerful ciliary tracts in the walls of the storaodaeum. The 
food consists chiefly of diatoms. By the time of the separation of the 
eoelomic sacs the larva has altered to a somewhat angular shape, and 
the previously uniform eiliation Womes concentrated into the usual 


li>romotory band eharacterlxtic of eleuthorozoan larvae. This forms a 
1 > re oral loop around the ventral surface of the anterior end, passing m 
front of and above the mouth, then proceeds bA<*kward along the sides, 
and |{jops forwaixl on the po.<terior part of the ventral surface, passing 
anterior to the anus us the anal (or post oral) loop (Fig. 1 17Z^-F)* 


prenral loop sooris cuts otY from the rest or in many cases is a separate, 
more or less eirculur, cilia r>‘ band from the start. The larva rapidly puts 
out projections borderetl by the ciliary band, and the.-^e roi'respond to 
the arms of echinoid larvae and have received similar names (the names 


of the arms of cchinoderm larvae originated with Mortonsen, 1S9S). 
The* arms inereaso in length and in some asteroids, especially the genus 
.ls/mo«, eventually l)ocome finite long and slender (Fig. 123). The 
larva after the appearance of the ciliary band and the arm projections is 
termed hipinnario and is the characteristic larval form of the Astcroidca 
It bears a striking resemblance to the auricula ria of the Hololhuroidca. 
The beginning of the bipinnaria stage often appears during 4 to l> dai^ 
of development, but weeks are generally re<iuiivd for this larva to attain 
complete form (Fig. 121.4. B). In the interior of the bipinnaria is seen 
the digestive tract and the various coelomic compartments. 

In tvpieal indirect development, the bipinnaria, after some weeks 0 
free-swimming life, develop-s into a further stage, termed Omchtofaria. 
This differs from the bipinnaria only in that a group of three 
arms, the brachiohr arms, has grown out from the anterior pait o 
ventral surface, anterior to the preoral loop (Fig. 123). ^yhk•h is 
along with the outgrowth of these arms. The brachiolar arms 
relatively short and dltVer from the arms of the bipinnaria in containing 
prolongation of the coelom and in being tipped with 
One of the arms Is anterior and miHlian, and the other two ore 
lateral to this. Between the bases of the three arms is an a e 
glandular area, acting as a sucker: in fact, the hrachiolar arms 
sucker together constitute an attachment device, and fheir appes 
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ii^dicates that metamorphosis is imminent. It may be stated now that 
the brachioluim soon nttacht^ by the surker. its auierior part, acting as 
a kiixd of stalk, degenerates and is absorbed, and the posterior part, that 
which contains the stomach and the somatocoels. alters into a baby star 
that detaches and begins independent existenee. This happens in 
dstcrm.i ruhrns about 2 months after the on.NCt of development. 

In many asteroids, development b more or less shortened by omission 
of larval stages. In the genus .Utfop<(iiu the brachiolaria stage is 
omitted and the welUlevelopcHl Iilpinnaria (Fig. 121.1, H) metamorphoses 
alter 2 to 3 months wilhnul attaching itself. In otI»er cases, as in 
.'l.s/r'r/aw the bipin narhi .^tage b omilt«l; tin* larva does not swim 

until the lliird orfmirtlMlay of development, and then fails to different late 
a rdiury hand or arms but in^^eud puU out an adliesive apparatus, 
presumably corresponding to ilie bniehiolar arms and .sucker (Fig 1 18//)^ 
mid metamorphoses in aliout 10 days. ver>' peculiar hipinnaria 
diseovered f>y Surs In 1830 and naimnl by him mpuwari<t a^lHgcra, 
occurs m the genus This has a long slender anterior part termi- 

nating in two broad arms, while the remainjng arms are eliistercxj around 
the posterior end wheiv the ycumg star develops (Fig. 121.1 }. In Luidia 
sar^i at metumorphosis the hipinnaria, except for the primordium of 
the young star, is cut off and lives for .some time, whereas in cf//am 

iIh* bipin liana parts are nhsorlwl u.s in other sea stars tTattersail and 

^hep)lard. VXM). 

H<‘1uniihg now to the inlernal development, we sliall follow first the 
tory o the esdomir sues. Tlio ax<>hy<ir<w(K^ls f<,rm a T in the anterior 

! I ,‘,1 “rr “ '"‘y*'' «|><I tlii* r near it* posterior 

<11(1 on the left side hears the hydroporir canal (Fig. 120 1 B) The 

nai't of ,h the In the pusterior 

pa, t ,.f th.. iKxly a ongside the slomu.’h lie the Itvo somatocoels. Their 

T "tf axohydrocoels varies much in 

clifT, rc nl asteroids, and often the left somatocoel is larger than the riaht 

<>'»■ and pie.e<lcs the latter in sc|)arating from the axohydrofoel The 
M,mal.,<-.,cls expand and extend forward, and the left one puts out\ 
t,u„.sv,.,.se process to the ventral side of the stomach, in front 7the 
M,l(..,lnie. this process, known as the ventral liorn of the left somatocoel 
fuses \Mth Uu5 right axohydr<M*ool (Fig 12i 1 Ri Th^ i f« ^ i 
also emits a similar hon. in 





Fto- 120. — Embr>*plPS>* (continued). A, bi^MnntrU of Attrcpfcitn avrafuiofut, 


70 


Ooys» vodtral view. S. same u A. dorael view. (A. B, o/ftr ^^f«ladiN«, I9H^) ^• 
8ola$tfr rndeea. Attached stase seen from the right or nboral side. D. earlier stage 
seen from the left or futgre oral side. (C, £>. a/ttr Gemmitt. 10J2.> 1. preoral lobe: 2. 

oral loop; 3, fused anterior part of coeloroic sacs: 4, cnoutb; 6. esophagus: ' 

7. b)*drocoel lobes: 3. intestine: 9. aAua: 10. left somatocoel: H. ventral horn of left 
toeoel: 12, bydropore: 13. right somatocoel: 14. dorsal horn of left somatowl: 
of preoral lobe and its coelom; 13, dorsal sac; 17. persistent part of anterior coeloio. i * 
eut'Off first bydrocoel lobe: 19. diverticula to form outer ring of bi'poueural nog sinus, 
20, asiaJ alaus: 21, water ring. 
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mesenterj’, gradually shifts and finally lakes on a horizontal position, 
parallel to the oral and aboral surfares of the future disk- In the mean- 
time, that part of the left axohydrocoel that eorrespond.s to the hydrocoel 
puts out the familiar lobes that Iteeome the cwdomie lining of the five 
primary podia. These lobes lie upon the left side of the -stomarh (Fig. 
121W), In some species all five IoIks arise simultaneously ; in others the 
middle ones precede and the end ones ari.se slightly later. In SolaMer 
endeca, wlii<'h has nitie arms, after five hvdro.-o.'l loi.es have arisen foul 
more are added (Fig. 120 /J). one by one, following iol.e V (the 'most 
dorsal lobe is counted as I, and the stone canal opens between I and 
II, hence I and II are rays V and D). In the si.x-raved Uptaikriai 
hexacUs, the sixth lobe also follows after with some delay. In somf 
asteroids .he hydrocoel with its lobes is not as cre.scentic' as in othel 
echtnoderms, but more of the shepe of a disk, with, however, an inden- 
Ulton between lobes I and The larval stone .-anal arises as a gro.ivt 
in the wall of the left hydr.H-,K-I; this eloses over to form a canal that 
continues from the inner end of the tiydro|K.ric cuiml. 

Considerable attention is paid in the litcrului-o to the origin of the 
dorsal sac, also termed madrepriric vesicle, whieh, it will be recalled 
(page 28 o), is a sae lying bctieath the madreporite that contains the 
ahoial end of the axial gland. In some u.stcroids the dorsal sat; ariset 
by the rearrangement of meseiwhymc cells; in others it forms as an 
ectodermal invagination; and in still olhem it is cut off from the right 
axohydro,.ocl and hence cla.ssifies a., a coelomic sac. The dorsal sac mav 
pcrlmps bo regardtKl as repre.senting phylogenelieally the right axococi 
as in echinoids. In the l.ipmnaria larva the dorsal sac cxhibfts rhythmic 

lana“ iH* V » circulation of fluid within the 

It lacks inlet and outlet, but it is believed by observers of livina 

larvae tliatHuid pa.sses through its wails. »<-r'«s ol living 

At about this stage of development the larva undergoes raeta. 
Totu for'a '’rachiolariae. the three brachiolar arms fee 

£=tiii=ps 

rrcoral uart of fhiv las- gihbosa, the anterior o» 

that act-s as rL attachme,?o\Eln'’“ln f 

any indication of a bipinnarialaee Inf / r 

the elongated anterior region a^rntritt 
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FlO. 12J.— Embryolofj' (continued). A. bipinnarin of Awtrf*pef1eH owrAwriVicw#. ’ 

right sid«. B. same as A. left side: compare with 1704 and B. <4, If, n/iir ’ 

)939.) C. vertical section through inetaniorpho^ing Sof otter eniicca. 
divisions (a/ler GemmtU. 1912); stage a little bfer (hen 12U£>. 1. tnoMth; 2. i. 

hydrocoel: 3. right soinatocoel;4.hydro|>ore:5, dorsal sac:C. ventral liorn of left tl 

7, intestine; stomaiOi: 9. left asohydrorod; 10. liydrot-oel lol*e#: H. left 
12. aboral side of future star; IS. iiodiuin: 14. vireumesophageal coelom; 13, maer pv 
neural ring ainua; tO. outer hjponeural tlog sinus; 17. esophagus. 
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a sucker between their bases <Fig. mil). The usual attachment by 
way of this sucker ensues. similar story obtains for Lcplaslerias 
hexarhf:. except that here the arms are longer and more like those of a 
ivpji'ul hrarbioliiiia iFig. 

As nircady incliciilcxl, during metamorphosis the anterior half or more 
of the laiMi is absorlxsl and the definitive star forms from the rounded 
posterior region, Wlial was the left side of this l.cximes the oral surface 
of tlic disk, and the right side is the aborul .-iirface of the disk. It will 
bo iioticeil that the young eeliiiioderm is here formed nithoiil the aid 
of any vestibular invagination. .\s the anterior |>art of thelarva degener- 
ntes, the lobulatcd hydroiwl is able to round out and makes ,i livc-lobed 
disk obvious on the left side, (her this the e.t.Hlerm also lobulates 
coirespondiiigly, and the five |.rimary ji.slia arc- thus delineated. From 
the aborul or right side live rori-esponding bulges are pul out, and these 
repiv.scnt the delinitive anus, .\dditioiml ji.Mlia ari.«- in jmils proximal 
'o lhe jniinarypcKlia. As mh.i. as the little star has ae.pured a fen pcalia, 

It begins to attaeli ihe.,i. to objects and .soon pulls itsc-lf Iciwe from the 
sucker (which IS left behnidi and begins an independent life The process 
ol mel«inorph.v..s reunires less than a day. The l.aby slurs me of miero- 
-cojMc chtne-nsions, h-ss than I mm.aercxss wh.-n developing from small nou- 

.tolk.r l.spi-siileggs, I to’' mm. across when c-oming from large yolkv eggs 

Duiiiig inetumoi-i.h.xsis the- c-sophagns niptnres and mend of i| is 
absorbed I he situnp reduces to a projeelion on the slomaeh, In 

I -■ ot I he liydrcsaK-l riiig and jH-netrules the middle of this to unite 
111 an eclodormal mvagmation. formitig the new and definitiye mouth 
an ( sophagus. In other easr-s thee.sophagiis is put out from the stomach 
wt.hou. rehuion to the Imwal cophagus. The larvae of .siairguJ 
llnairm lack month and e.sophngns, and here too the definitive esophagus 
arises as a.i evagniutioi, from the stomach. The stomaeh u.Xrgoes 
coi.sideral.le liislologu.al reorgatiixation, ineluding ingestion of disinte 
gialing ..ssnc..«, an.l remains as the pyloric division of the adult slLach 
soon pniting out tin- pyloric c-acc-a as evaghiations. Xo defil.iteTtati 

after seme time makes enntact with the abciral «,>cf' 

I/Vc,rHC,cslnlilislnnKlheam.s withthcL . ? 

at least in .l„erm,, ' of a proctodaeum. 

The history of the coelomic eav,.i« ia complicated. By mean., of the 
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dorsal and ventral horns of the lefi somatocoel, communication exists 
for a time between all parts of the coelom except the right somatocoel. 
These communications permit flow of fluid that appears to be useful in 
expanding the left hydroroel and its lobulations. During metamorphosis 
the absorption of the anterior part of the larva destroys the anterior 
parts of the coelom on both sides, except that tlic left axohydrocoel 
furnishes the axial sinus and the inner ring of the hvponeural ring sinus 
This inner ring forms to the om! side ,>f the hvdrocoel either as a coclomic 
sac \vhosc walls fuse into a ring shape or as oulgrowlh.s (h.at curve into a 
ring and fuse. The inner hyponenml ring has Ihercforc a common origin 
with the axial sinus, and this explains the adult ndaliims that is the 
entrance of the oral end of llie axial sinus into the inner hvponeural ring 
The uxml sums is so formed n.s p, ineluile thesloneand livdroporie eanals 

These entuds are oriented I to end nl.eii the larval stone canal is 

lornied and eventually fiis,- In Income the definitive stone eanal Bv 
1 he same proresses of abs,.,p1ioti of the aiilerior part of the coeloms 
the hydroenel with its lolais that was jn open communication with the 
left anlorior coelom lie<-omes com|)lctelv <-ut off. In some species it is 
ere.scentic in form and the ends fuse to form the water ring and radial 
eanals 111 other species it is disk-like and apiiaieiilly becomes a ring by 
;;c ol.htcration of the central par. and fusion of the remaining walls 
Mnongli this ring as «ell as Ihrongh (he ring that becomes (he inner 
h>ponciiral nng, the esophageal .nKgronili ex(cnds to the surface to 
bc.'orne the definitive esophagus. Still another ewioinie ring is formed 
heie by the gronth of the dorsal horn of the left .somatocoel around the 
esophagus fins circular coelom lies In-Uveeri the hvdroewl and the left 
soma ocs. and establishes a eip-nlar .nei^nterial emitac, with the rig 
somatoewl. II, e rcmnunti of this mes<.„te,v become the 10 gnsfric 

ganicnts o the adult stomach. The left .somatocoel puts I"' . 

follows laow {’iftrr (JrmmiU •!.» ** — - — " — - 

•ru.lul 3. dor»l 

of Ipfi ^.Mu.tKocI lo foTji, h.pof»gr.| Kfti somatocoel: 9, pouches 

coHoMK U Prfn,o,<lj„„»of form circume^phMci 

HOioatococI: 10. radial brauebes of outer •' water ruif; \S. ouHipcof right 

MHlomadi; 19, Winning of pvl<Kjccaeca^^?2riLl *.^^^^^ 18 , cut edge 

been cut away to si.ow !hc .tomlS. .od 1 ‘he left aomatcc^l 

show (hr rielit *omolocoel or aboral coelira ^ ^ ^ ^ stomacii bae been cut away to 
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becomes the coelom of the oral part of the disk, and the right somatocoe 
is the coelom of the aboral part of the disk. As the pyloric caeca gro^ 
out, the right somatocoel sends out a pocket over each caecum, and th< 
walls of these pockets come in contact and become the mesenteries that 



yio. 123.— bmh<yulot^< (i>onlinucdl. Bnivliiolaria of /lirbrsi 

JdOl), jiocn from left L brscliwlAr ortn»; 2, »utker: 3, month: 4. 

5. vtomovh: 0, 7. amua: S. Ikydroro<^l lobo«: 0. (s>»lomjc «x(oik‘>ioti into hrm’liiolnr 

ftrins: 10 . deAiiitive .«tnr. 


suspend the caeca to the inside of the ahoral wall of the ray. The axiaf 
gland is a thickening in the wall of the axial sinus; its upper end pushes 
into the dorsal sac. 

The origin of the gonads is not clearh* explaiiicd in the literal ui'C. 
According to (lemmill (1914), the gonad in Askriae ruOcus ari5><’s as a 
group of primitive germ cells in or close to the wall of the dorsal horn of 
the left somatocoel- This group of cells nc.vt grows info a compact mas> 
that pushes out info the tissue between the dor.<aI sac and the n.vial 
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sinus, carrying with it part of the dorsal honi that becomes the aboral 
or genital sinus. In this sinus, the gonad elongates into a genital rachis 
that forms a circle and gives off two branches enclosed in eoelomic sacs 
into each inleiTadius; after thus establishing the gonads the rachis 
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expansion at the place of union of the stone and hydroporic canals. 
The numerous pores and pore canals through the madreporite are 
produced by subdivision of the original hydropore and hydroporic canal. 

The skeleton appears rather late in development, generally about 
Ihe time the young sea star begins independent existence. The develop- 
ment of the skeleton is similar to that of echinoids. Each ossicle begins 
as a minute rod or tri radiate spicule that puts out anastomosing branches 
to form a fenestrated plate. In unmodified types of development there 
appear H pieces in the aboral side of the young star, first five radial 
pieces icpresenting the terminals, then five interradial pieces correspond- 
ing to the genitals of echinoids, one of which incorporates the hydropore, 
and then a central plate (Fig. 126^). Spines, representing the future 
tubercles, put in an early appearance in relation to the terminals, gener- 
ally a definite number to each terminal. On the oral side the first pail's 
of ambulacrals can be recognised shortly after attachment, one pair in 
relation to each hydrocoel lobe, to the oral side of the first pail's of 
definitive podia, and a new pair of ambulacrala is laid down after the 
formation of each new pair of podia. As the young star grows, numerous 
additional cndoskelctal ossicles appear between the primary 11 abora) 
ossicles, so that in most cases the latter can no longer be recognised. 
These interpolated ossicles push the terminals out so that they remain 
at the arm tips. In the more modified types of development, there is 
often no definite pattern in the appearance of the cndoskelctal ossicles. 

It is to be understood that at the time of its detachment from the 
sucker the young sea star is still usually in a very imperfect state of 
development and that many of the changes iwounted above occur after 
this detachment. As already indicated, the young stars are very minute 
and unlike their definitive appearance, having only slightly protmding 
arms and relatively large podia (Fig. l2bC). 

16. Asexual Reproduction.—Asexual reproduction is not uncommon 
among asteroids. It generally occurs by a splitting of the disk along a 
more or less preformed line that avoids ocsicles and that leaves the arms 
intact- The sea star is thus divided into two pares, each of which 
retains some of the old arms; the wound closes over and new arms arc 
regenerated- Such spontaneous fission in nature is common in the 
asteriid genera Coicinasitrias, ScUrasUriat, and Slephaiiasifnas (Crosier, 
1915, 1920; FUher, 1925a, 192S; Bennett, 1927; Edmondson, 1935; 
Yamazi, 1950), and specimens are generally found with some large and •“ 
some small rays (Fig, 155). Coscinasfcrios rcnwtspma, as observed b3’ 
Crozier at Bermuda, usually has se^'en rays and one to fi^'e madrepores, 
assion through the disk produces three- and four-rayed specimens, each 
M which generally regenerates four arms. Fission is held in abey6n<?« 
hiring the season of sexual reproduction (January to February). Corctw- 
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anurias acutispinay Japan, has four madreporile^, two anal upcniugb, 
and mostly eight rays, although the number of rays ranges from four to 
eleven. The disk splits in suc*h a way as to lea\'e four mys, twti mad re- 
porites, and one anus in each half, and all thc'sc parts are liouldcHl in 
regeneration. Fission in this spwU's is stated to oec nr at all .'Reasons, but 
usvially only young speed mens divide. In Nr/froA/rr/ox, fission is limited 
to juveniles; these have six arms and four madreporites. evenly divided 
between the two halves. wherc*as the adults have five arms and one 
mudrrporite. The related gc*iins .X/tostirhaslcr is also lis.sipar<)u.s a.s has 
been ob.ser\'ed in the Xew Zealand species timiyuiif and p^ilyplax by 
Farciuhur and Bennett (1027 1 . In .1. innitfuis. with two tn .<even 

arms, a group of threa* arms gehc*rally grous inii in eac h lissjoii produc'l, 
whereas in .1. pohjjflax. mostly with enght ann.s, a gnnip of four arms 
typieaily regen cerates in euc*h Hs^ion prcahici. 

FI as ion is also rc*porled to <HTnr in the spinulose family Asterinidae. 
in Xfpauthin iKdmoudscm. IIKU). and in .U/rrm<x itnjo, ouowah, and 
t'lifl'in (('uf’niot, 1887; Bennett. 1U27|. An/rrimt wnja h»> UMially seven 
rays and one mudrepc^riie, but examples with six axid eight arms may be 
found. Fi.ssion usually result < in prcHluels with three un<i four ravs 


which typically regenc*rute four and thrci* rays, ivspec lively. 

A dilTeient typi* of as<>xnal reprcKlucdion uhlaln.'^ in the genus LtnHu 
and st>ems to be practicinl by all the sp<s-ios of this genus (llirolu, IKDo; 
Monks, li)04; Kellogg, 11K)4: Biehlers. Hn2; H. L. Clark. 11113; bklmoncl- 
son, ll)3o). This genus has o habit of easting off arms, mostly at a more 
or les-s definite level about an ineh from the disk, and these arms regener- 
ate a complete sea star, something that is ^piitc impc»ssjble in all other 
asteroids. Xo factors arc known that bring on this nutotomy. The 
process is a slow pulling apart, nN|uiring up to 3 or 4 hours, and acTom- 
plished by the arm in cpiestion eoiwlantly pulling away from the re.st of 
the animal, According to Edmondson, the rupture begins vetitrally by 
the separaticni of ambulacral ossicles and sprt*ads dorsally; tissues may 
bo slretchwl u.s m\n*h as 2 inches lK*foiv giving wav. Of course the 
lost arms are aUi rc^generaled. and as a result of this habit, symmetrical 
.spe<]tncns of UnHia are rarely found. Mgnk.s rec'ords only four in 40fl 
specimcms, no two of whic^h were alike, vaiydng in rav number from one 
to nine, m madre-porje number fn.m one to five, and in numiier of anuses 
fiom cjiie to four. Tho ca.st-off arm gejicrally rogcMierates a group of four 
or five arms at the tom surface, and sueh R^ei»erating arms, presenting a 
curious appearance with a group of little arnw at one end of a big arm. 
arc called “comc'ts" and are of common occurrenc'e \vhcre\'er species of 
Unckia abound (Fig. I21)C). 


17. Regeneration. Tl.e owurreiice of asexual i-eproduetion in a 
nui.il-.T of asteroids indicates a high r^ciieialive capacity in this group 
Specimens of asteroids in prooeas of regenerating one or more arms are 
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very commonly found in nature. King (1898, 1900) recorded that about 
1 1 ])er cent of the specimens of AsUrias vulgaris collected on the Massa- 
chusetts coast were in process of regenerating arms, almost always close 
to the flisk. an indication that injured arms are cast off near the disk, 
generally at the level of the fourth or fifth pair of ambulacral ossicles. 
She found that Astcrios vulgaris could be induced to cast off an arm by 
cutting off all of it?* podia and that the constriction occurred at the level 
indicated. Several studies on the regenerative capacities of several 
species of asteroids are available in the literature (King, 1898, 1900, on 
Astenos vultjaris; Schapiro, 1914, on Echinasler stpositus, AstropecUn 
axtranctavu^ arul irreyulorU. and yfarfhaslrrias glacialis; Nusbaum and 
Oxnev, UUo, on Krhiuastrr sepositim; und Zirpolo, 1916, 1921, 1922, on 
(jihl/om). In all spe<'ies tested arms cut off at any level are 
readily regenerated, although the piwcss is l•clativoIy slow. Regener- 
ation takes place in the same manner a^ post larval growth; the tip of the 
arm, marked by the terminal plate and Icntavie and the optic cushion, 
appears first, and other structures are then formed between this (ip and 
the stump in a eeiitnd direction with the youngest structures just proxi- 
mal to the new tip. The pyloric caeca are jvplaced by outgrowth from 
the old ones and similarly the radial water canal and radial nerve by 
outgrowth from the stumps of these structures. The beginning stage 
of arm regeneration takes place at about the same time, usually seveml 
days up to 0 or 7 weeks in different species, regardless of the level of 
section, but outgrowth of the arm is more rapid the more pro.vimal the 
Icv'cl of section. In some species more than a year may be l•c(lui^cd for 
complete replacement of an arm. If an arm Is split vertically- a double 
outgrowth usually resulis. producing a distally forked aim. If an arm is 
split horizontally, the ventral half legeiic rates a complete arm, but the 
dorsal half merely rolls into a tube and does not regenerate. Slmilniiy 
if an arm is cut vertically through the si<le. the lateral piece will not 
regenerate an arm, while the larger piece, including the ambulucrul 
groove and ridge, completes itself perfectly. Pieces of body wall, 
mad repo rites, and other small structures are replaced. Following 
removal of a rectangular piece cut completely through the orm but 
leaving the side walls intai't, a new arm may be regenerated at the proxi- 
mal cut surface of the rectangular hole (Fig. 127 />) but not at its distal 
surface (Schapiro, 1914). Fedotov (1934. 103.)) lemoved the axial glam I 
and gastric haemal tufts from Asierias rulx-ns and found that (hey were 
replaced at some period between 2 and 6 months. The axial gland 
regenerates from the oral haemal sinus and the gastric tufts from the 
haemal channels of the stomach wall. 

Except in the genus Linckia. as already related, isolated arms tn 
without any power of regen ciat ion. They muj*t be accompanied by a 
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Fiu. 128.— Som3«t«roiriM. A. VittfbrvuaHff. B. arm of CAinianctlfr. 
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portion of the dUk. and I he amount of disk iHN'ossary varies; in dilTerent 
species. In ,Utfria$ vufyarih. an arm accompuiiio<l by enough of the disk 
to include the madreporite aitd stone canal ma>‘ sometimes regon orate 
an entire sea star, but at least ono-tifth of the disk altaohod to the arm 
is necessary from areas outside the maclr«*porlte. and such portions often 
fail to regenerate. For certain regeneration a larger area of disk must 
remain attoebetl to an arm in this -s|mws. In Erhuiftshr nvjmitus, at 
least half of the disk is rwpiiml: m A«frojHctiu at ieaM threc-i|uarter.s of 
ihi* di.sk, Ineluding the madreporite. nm>t \w loft with (he arm to ensure 
r(»mplote rogoneratioii; and in .VorMwWen'ox iftaciatiH, retention of the 
entire disk is necessary. An entin* isolatisl disk will generally rogenerato 
(lie entire animal in at least some of llieso .specie. I ml isolated parts of 
<lisks tlsually fail to i‘«‘goiiorate. Partial cut< through the dj.-^k generally 
heal, hut sometime.^ one nr oven two aims may grow out from the die* of 
wtmml closure iKing, U)(X); Fig. 127 A'l. 

The special east* of regenemtion of the entiix* animal from a cud -off 
arm without any disk retention in UtiHia lui> Ih'ou irealod in detail 
by llieliteis (1<H2) and Kilnumdson {Umi. The wonticl closes over, 
leaving an opening that hcs'oines the mouth, and after S4*veral weeks a 
ciescontie ridge of new growth ap)K*av.s at the proximal end of llie arm. 

1 his gradually grows out into four projections* each with an aboiuf 
groove continuous with the mouth (Fig. I27.t ('}. Kven after a year 
these incipient arms are .still very short and the comi'l form thus produeed 
evlilcntly lads u long time. The more distal the proximal surface of tlio 
detached arm* the slower is its r<*generati<m into a complete sea star. 
Pieces of arms with cut surfarx's at both ends n*geiieral«l a disk ul 
both ends in two cases mil of .-aweral hundivd in E<lmoiulson’s experb 
inents (Fig. 125 D). ^ 

Details of the hislolog^' of regeneration fm\'e been fuvni.shcd bv 
\usbaum and Oxnor (1915) for Krhuta.ln using arms of which 

llio doraul wall ha.l hec. romove<l. In 4 or 5 days th.. wound is c'overed 
.}• a dolwule membrane consisting of roniiectivc tissue and eoelomoeytes 
Urge nnmbors of the latter are found at the rut st.rfaees, where tl.ev often 
fuse nilo syneylia. The epidermis then arlvaiu’es over the mcmfiraiic 
turn f>oth s,d..s with a thiekenrsi tslge an,! eNontnally covers ll.e surface. 
Damaged ossicles disintegrate, and the fragments are probably ingested 
by eoelomotytos. -rbe mnsrOe layer of the body wall near the.:..! surface 
uiKlcrgoes exte.isis e change; old lil>er« may fall to pieces that arc ingested 
by co..|om^ytes, and others dedilTerei.tiate into a -sarcoplasm containing 
■me ei. The new mti.sHe fibers arise from this sarcoplasm. 

18. The Somasteroidea.- Allliough Asteroldea were presumably verv 
abundant m ancient seas, they preserve poorly as fossils tierausc of the 
lack of a solid endoskeleton, and entire skeletons arc seklom found 
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Fio. I29,‘-S«mast«roidA: «x(inrt Phan^wonia. A. Aixhcifona»fcr arm (ofifr Sptneer. 
1951). B. Hud9cna4irr. oral viam-. C. Hu^ton^fr. abonJ view. (B, C. afttr 
1916.) 1, enlarfed adambulacral owiclea df mouth frame: 2. adambulorra) otaklea: 

• fans of adambulacral apinea' 4, ambulacral oaaieles: 5, ambulacral pores: C. virgaJia: 
. marKinala; 8. inframargioaU: 9, ambulacral groove: 10. eoronaU: 11. central plate: 
1 2. primitive ijiterradiel osaielea: 13. supramerffinals; 14. odontophore. 
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Some ven- archair forms have ni-ently been dcsi ril)pd by Spencer (1951) 
from the Lower Ordovician of southern France. The most primitive of 
these, yiU<bnina$ter (Fig. l-28.n. has live short arms of petaloid shape 
with two rows of nmbnlarral os.si(les, not forming a groove, along the 
renter of each arm. The large and .l.-ep amlnilarral pores lateral to the 
ambnlarral ossicles suggest that the an>pidlae were more or less e.-ilernal. 
.V<lamhularrals are wanting, and the oral snrface aj)art from the ambu- 
lacra is pro\ided with hollow rod-.shap«l .ossicles railed i-irgalia, arranged 
m diagonal rows corresponding to the ambida<-ral ossi.’les. \ ring of 
prri.slomial ossicles is lacking, and the large pentagonal jiciistome i.s 
bounded ppiipherally by a row of ossicle.- roiitimiou- with the amhiilacral 
vows, M each inlerradius, a pair erf !!»•-<• is enlarged, suggesting the 
lutiire adumlnilacrid lyin' of month frani.'. The .skeleton of the aboral 
siirfure consists of hss-.- irirudiate .spimles (Fig. I28('). as in (he first 
stage of embryonic formation of endo-keleton, .-oinewhat arranged to 
form a mesh, f’AiniVinosfrr. from the same siraluiii and htealitv is verj- 
similar, but the arms are more deliiiilely oulline.1 and have amhulurral 
grooves (Fig. l2K/<,; this genus is (urlln'r provi.ksi with a madreporite 
laekiiig in I present on the oral nde in an interradial .angle 

Archr.,ona.ler. from the Lower Ordovi.-ian of Hohemia, present.s » more 
distmetly asteroid appearanee; il has ambulaeml grooves, adamlmlaeral 
plates provided with fans of spines, and marginal plates, heiiee resembling 
a phanernsome Mar (Fig. I29.l>. Arrh.yo„a.l.r has mi aboral madre- 
porite, but aboral skeleton is apparently all<«eiher laeking, and on the 
oiai surface the rows of virgulia an- limile.1 to the distal parts of the arms 
iiml.ulacrals and marginals apparently evolve from the innermost and 
wieimosi ,"gaha. These aivhaie asteroids appear (o have been verv 
le bir Spencer ,s of the op.niot. that they live.! partially buried in the 
mil uth the arm tips bent aborally and protruding above the surface and 
tha thej fc. a ter the manner of erinoids, by passing small food objects 
along the ambulacra to the month; buia.s they a« supposed to have been 
oriented «ul, ibe oral surface down, it is somewhat difficult to under- 

.n-o! *’>■ inverlehrale palaeontologists (eg 

mghs, l,l,,3), uintes the foregoing forms and a few othei-s into a group’ 
Somastcroidca, which he regards as a subclass cooidinate with the sub- 

\uThret ar'?h“ >'>'* to both of the latter. 

All thicc arc then united into one clas.s. Slclleroidca. As the author 

as^s, this sihemc has not l>cen pn-sented here. It appears that 
••1 rchegonasler. at least, is distinctly asteroid. 

inclml.f'^?' This group, originated by Spencer (1951) 

tnclndes a few fossils from the Ordovician and Dermnian, characLse!^ 
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Flo. ISO- — Phflnorosoiiia: PoreelUna«t«rida». A»trop«e(iaidft«. A. Pt>re9ii9na$t<' 
cotrnUu9. at 2000 m., off Naw Ensland (A/ttr HUdfn. JSS9}. B. SlyracoUff (hunt, at 
2600 m.. Gulf of Guinea (o/fer Litb^rkind. 1932). C. Fl*it9noMtr og<utiii. 700 m.. off 
MaMachusetts; madrepnrUe does not show. J. crilsriform organ: 2, terminal o.o«icle; 
3. suprairiargmal plates; 4. epiproclal cone: h. madreporite: 6. inframarginal p}a(e(>. 
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by the widely open ambulacra, almost flush with the oral surface; 
ndambulacrals are present but do not form an edge to the ambulacra. 
The dorsal surface is composed of paxillae and iiiframarginal plates edge 
the arms, hence in fact these forms may l>e regarded as archaic phanero- 
zoniaiis. The tHwistomial ring of ossicles is not well dilferentialed but is 
lending toward the a dam bti la era I tyjK* with a pair of enlarged pieces at 
each interradial angle. The prinri|Nil genus is /'h/anaxhr from the 
Orrlovician of (treat Hritain. 


20 . Order Hemizonida. In this group, also originated by Spencer 
ill 1 !).’)! and also wholly extinct, ranging iVojn the Ordovician to the 
iniddie { arhoniferous, the amlnilacrtd ossicles arc insnnk and definite 
amhniacrai grooves have devH<»|>«l. Inmlercd laterally by large, con- 
spienou' fidumbulucrals. In some the rows of ambulacra Is am) adambu- 
lacraU fonn the whc»le of the oral surface of the arms; in others u row of 
liiframavgjnHis is adrlni. The abomi s)krrac*e Is cumposi'd of paxillae or 
of ordinary ossU-les. A madreporite is generally )ire.seiit, cillier orally 
or ahornlly loiatcd. The mcnitli armature is in ahonl the same .slate as 
ill I lie preceding order, with more* or less develoinsl pairs of pieces at 
the iiiierradini angles. ThU onler includes m* vend families and a number 
of gciu^ra, among whieh may Ik* mention(*<l TavumvdH. Ihlinuthoxtcr 

Xfhtrhntiu.UputnrtiK Upiihxtvr. (‘iu mhlactU 
/ raxhnHo, and Arthnuhr. 

Cciiili’inptalioi. (.f (he rlmru.lc-rislicx erf (tirx. uslc-roids indi- 

tUu( Die (.ritiiiial aMm.id had |H-taIoid arm* willu.m muidi in t|„. 
«n,v nf uii alxHul skol<-I..M. pnorl.v dHiiiod amlniUrrul Rri.oves, t>rol>ahly 
wnli m.irp or lp«s pm,. ri.nl ampi.llup, and a.i ii.ripipi.t mouth fiump 
inid..iK 1.1 Ihp ndambiila.-.al typo, Suph lyiK-s appoar to Ipb.I dirpptlv 
lull. I h.. 1 liniK-ro^oniu, whi.-h may tlipii l.p ivgardp.l as flip most primitivp 
o| llie three existing oider.s of Astercndcu. 

21 . Order Phanerozorria, -The membprs of this order are eharacter- 
hy ih.' .•uiisp.ruous maiRinal plates, typieallv in two rows iiifra- 

uii. suprumaiRiiud. that ..dee the arms a.,d disk and eonfer upon lb.. 
t.od,v Kr.-Ul sti-eiiKlh us well as considerable rigidity. Phanerozoni,- stars 

Il'ia 'u,5Tr iT “T"' r“l. ‘i"'* 

IIR. Ihe uboral skeleton usually consists of paxillae, whose 

bases form a r oi^ly set masaic (Fig. 101.4), or of similarly arranged 
p atps. a ly|H' of skeleton that mereasea the general body rigidity Pap- 

okL“'‘' I '7"n bounded by the supramarginal 

plans. 1 c-ducllariac when present are erf the sessile or alveolar type 

n existing forms ll.e mouth frame is well developed, of the adambulacral 
l.tp.-, will, eonspiPuous pairs of spiny adambulacrals at the interradii 
.n.py:.r...g Ike jaw.s (Fig. mB>. The p«lia are ,n two rows and may o; 
mnv not be provided with suckers. This order began in the la.wer 
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Ordovician and has flourished to the present time. It is divisible into 
five suborders, of which the first is wholly extinct: Pustulosa, Cribelloss, 
Paxillosa, Xotomyota, and Valvata. 

The name Pustulosa derives from the circumstance that the spines, 
which were small and slender, were mounted on hemispherical tubercles 
like those of echinoids; these tubercles are called pustules in this particular 
< asc\ a \'evy poor term. The Pustulosa lived from the Louver Ordo- 
vician into the Permian and include several families, well treated by 
^chuchert (1915). Of the most general interest is the genus Hudsonaster, 
pj obably the most primifi^'e phanerozonic star. This was a very small 
form with five short, broadly based rays. Orally, the arm skeleton 
consists only of ambulacrals. adambulacrals. and inframarginals, which 
last form the margin on both sides, hence arc visible aborally where in 
addition there is a row of HUpramarglnals on each side and a median 
row of curiimU (Fig. 129^, C). The ossicles of the aboral side of the 
disk show the primitive and embryonic arrangement, with a central 
piece, separated by some secondary plates from a ring of five large 
interradial pieces (genitals), one of which is associated with the mad re- 
poritc. and a similar ring of five radial pieces which form the beginning 
of the row of carinals. \ differentiated mouth frame is wanting, and 
the pciistomo is simply bordered by the unaltered ambulacra I and 
lulamlnilacrni ossicles. Further evolution in the Phanerozonia consists 
in the interpolation of secondary* plates, reduction in size of ossicles 
except the marginals, and differentiation of a mouth frame, changes that 
c*an be trace<i among (he Pustulosa. 

The suborder Cril)ellc»a embraces the single family Povrcllanasteridae, 
distinguished by the presence of cribriform organs. The members of 
this family typically dwell on mud bottoms, almost exclusively at great 
depths, and were first made known through the dredgings of the ChalUnger 
(Slailen, 1880). They are of stellate shape, with narrow, pointed aims, 
broadly based (Fig. 130.4). and Imrdcred by thin, marginal plates. The 
aboral surface generally appears membranous and is usually elevated 
centrally into a prominence, often long and tubular, often called epi- 


proctal cone in works on asteroids, although it is not related to any anus. 
This family lacks anus, intestine, and intestinal caeca. On the oral 
‘Surface the considerable areas between the proximal parts of the ambu- 
lacra are covered with scale-like plates. The podia aie pointed, without 
suckers, and are provided with a simple ampulla. In the main genus 
l^orcelfaitaji/cr (Fig- 130.4), there is a single cribriform organ in each in tet- 
rad ius- Eremicastcr has three such organs, one In the interradial angle 
and the others to each side of this. In SUjracasUr with three to nine 
cribriform organs along the sides of (he arm bases from the interradia 
angle diet ally, the supramarginal plates meet along the median aboral 
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line of tbe long, slender rays, and there bear a median row of i^piiies 
(Fig. 1306). HypholasUt (Hr. Ii9^) has five to nine cribriform organa, 
short rays without a median a bora I row of ^pine^. and short adambuiocral 
spines. The foregoing genera have largo and con^picu(>u^ terminal plates 
armed with a few spines. In Thoracastcr, \>ith 14 cribriform organs, the 
terminal plate is small and im-onspicnous. wilboni spines. In addition 
to the Sladen report, the Poreellanastoridac have been especially treated 
by Dodorlcin (1021) an<] LioI)orkiiicl (11132. U)3 ol 

In the suborder Paxillosn. the skeleton of the alioral surface consists 
of typical paxillaearul (he piKlia are devoid of suckers, as in the Oibellosn. 
The principal families here arc ibi* (loniofMsMinidae. .Vsiropectinidae, and 
Luidiidao. The (Jonio|M‘ctjnidue have the same general as|)eet as the 
t'ribcllosa, with a stellate bwly cslginj with eon.spjcuous marginal plates. 
This family Is further provithfl \sith a siinplitjcsl type of eribriforxn organ 
in the form of a groove coiituining a few lamellae and f)order(*d on each 
^ido by tbe sealloimd edges of the marginal plates I Fig, 119 A’, F}. There 
w one such cribriform organ between adjacent marginal jilates along the 
whole length of the .<ides of the arms iKig. IHIA'); (he < nl>riform orgaris 
are further eontinued as simple channels ]ino<) with vlbratile spines 
between the jxlutes of ihe oral shle the arms up to the ambulacral 
grooves. The genus fVcwof/xVwx, formerly plai'Cii in the Ponellanas- 
tfridfto, has in common with that family the lack of intestine, intestinal 
caeca, and anus, and the presence of an epiprwtal rone. The <'ornmon 
mud star rmpo/.i* (Figs. IMf. 131), i.s clrcumboreal, found 

throughout cold northern waters and extending southward to California, 

Cape Cod, and Japan. In Ooniojtcthn, intestine. Intestinal caeca and 
aims are well developed. ’ 

Wherpus the p<xlia in Ihr <ioiii<>[K-< (iiiid«,. ar,. providod tvilh simple 
umpullac, these in Ihe Astro|>prlinidae and I.uidiidae are deeply bifur- 
.•nted, Tlie Astr.ij.eetinidae are a family .rf (•.,neid,.|al,le extent' with a 
Stellnlu hcHly having eonspieno.is marginal plates and ivspiratory ’grooves 
between th.. murginal plates but n.,<-ril,rif.,rn, oi^tans. Su,,ra-ambularral 
ossicles are present in the interior in the lateral angles of Ihe arms 

(page 2,8). Intestine and in.estin.d eaeea are almost always present but 

an aiuis may be nunting. I,. 

plates are eovered with little spines that inereas.- in sir., o ,h 
nhieh is tliemfore ,,order.sl by a fringe (Hg. Zwrrll md.™ 



I!i3. l^ftoerozonin; Two species of Betiihoptelfn, deep 

scuun<l ('elebes (a/frr Finhrr, 1919, c^urlety XoHonaf .Vusch'R*) 

.1. poli/acauthu8 in tlic* I iidt>- Pacific, A. armaluti in the Panamic region, 
and .1. catifornicus off C*aliforiiia. The marginal fringe of spines is 
wanting in Lfpti/f'^cstcr, also noted for its hrcKxling habits (Fig. 11^)» 
whereas the spiny border is ivtained in mast other astropeetinid genera. 
The lespiralory marginal grooves lined with \'i brat lie spines occur m 
Leptijchaster, P9ila8ter, and Tefhi/aster but are wanting in other genera to 
be mentioned- Thick and block-like supramarginal plates occur in 
Psihsff'r. Persephonoster with ordinary gonads, Thrissafonthias (Fig. l^*) 
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Ns-ith serial gonads, PhfonosUr (Fig. 1300 \^ ith the madn^porite conceal rnl 
under special paxillae. and Tflhtj<i$1cr with a median aboral series of 
slightly enlansed paxillac; \vhm*a> the supra marginals are thin in I)f,latt(er. 
The supramarginal plates aiv nun h smaller than the infra tnunjinals in 
Dipsacasier, which also has iwxlllae covering the madreporite and serial 
gonads. 


The family 1. u id i Idae ec»io prices tlie single genus Luidia, uhieh has a 
very charaeteriMic appearance dig. 13*2). Luiiha lacks the slitf, star- 
like shape of the precwling Idtaiieroz.mia and instead ha* long ilexihlp 
arms and a relatively small di.^k. ft attaiii.sccniHderahle si;;c. .\Iaiiv of thi* 
'P<'ci<'s arc tive.rayed, hul nearly half are inulhra\\H| with ^ix t<> eleven 
arms. The arms are f»urdere»l with a spiny fringe. The paxillae of the 
uljoral surface of (lie ilisk and of ih • :nitli:in ahoral aivu of the arnis are 
small and irri‘gularly arrang<s|. hvA i ox. a id the .<ide.^ of I he arms they 
he(ome larger. scjuarUh or angular, and dispoMsi in <Jc:inite rows, 
producing a tes-^elaud ai)|M«ar:ihiv. The Mipra marginals are reduced sci 
as to apjnar iiUiilical xxith theadjacTut pu\illae. ttliere*!' the iiifra;uar- 
giiiuls are rnneh elongalc*<i iian'versely and cover the gn^atiT puil of the 
oral surface of the arms. The croxviis of the paxillae consist of spineleis. 
and the liiframarglnals aiv covcrc-^l xxiih .dnular luit lurg<w spiiudets 
IVdiceiluriaP arc frcMpietUly prcMail. u.^ually of the two-jaweil tong type 
(hig. lO.V/j, hul hivalvoxl and thi‘e<*-jan<*d varieties aho (Kcnr Tin* 
papulae are l>runchtd (Fig. .\,ius and inlesijnal caeca are want- 

ing, and the gonads enrur in iiun>enms luft.s ahuig the ahoral .shie.s of the 
rays. The genus is more or less characteristic of trc»rueal and .sulitropUal 
waters. It xvas monograplini hy Dodericiii tllJ2(h. who lists ^2 species. 
Among the more common species an* L mrici and vitiarifs from western 
Europe ami the .Mediterranean, maruhfa and guinana from the Indo- 
1 malic, Wfld.ra /0 from the West hulks, fMnia from tlie Pacific (.'oast of 
^ 01 til Atncrnn, and anikrtiOMma from ('alifortiia. 

Th,. s.,t,oi-d..r N„(otny„la comprise, the- sintcle family H.mthopec- 
I imluc, to .Iwpor wat,.r.<. Ti„. memix-rs of this fainilv liavi- a 

c-l.xra<„.,..«i„. ap,>rura,„.o (Mk. i:«,. aith slet.der, (iMible raya.'b.u'dored 
« h N ^boruc upoo the rather .small, oval marEinal plat.s, of « hi..h th.. 
l«o roas more or less altc-rnale. The aboral surfa.’e is cover.xi ,vith 

The ndambilacra plates projisl into ibe ambolae.al groove The 
papu ae are bmitcct to papularia on the aboral side of the arm bases or me 

T,r‘ ‘TT "T tl- pectinate type. 

a V 1 the dorsolateral surfaces of the arms, not occurring in 

or vi?l5l families the podia are 

pr «,th the usual termmal disks or suckers. ..\nus, intestine, and 
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inte>5tinal caeca are present. The papularia ntx* rouinieil, clevatej areas 
In Pontaafcr and Pttiiua^ir 1181 *i, bilolicMl aiul not elevaird in 

ChriraMcr and In Xtttrchft>i/<r. ihe |>n pul aria extend a.'; a 

band along the alK)ral Mirfare tlie i'ay< and a Km >pread over the {lisk, 
and the aboral ^ul^ui•e i. extremely sfMn\ •lig, lUiifhopcrfin is 

eliaraeleiized by the preM'iire mI* an (xld iippir and lower marpjial 
pluli* in the angle of the arm'.; the •M upper plate bear> a eoMsi)leu<ni.< 
^pine. Ill this geiuis the paptilaria are eonliued 1o the disk and ray 
l)a*‘e*‘. 

Th<* sufander Valvala inehide> all remaining jdianeroxonie famlhes 
that have ni'ilinury >iiekered p<Hlia. The o>>ieles m] I he iibMial 'kehaon 
may he paxlihl’nrm or oiherwKe. In the Mindl faimly Arehu'leridae with 
th<‘ single u<*tivis Arrhat/li r. the paxilhu* ot llie aboral 'iirlaie of the aim^ 
are ariang«al in diagonal n»wMiM*eting a meilial ladial imu . 'ria* geiiend 
a'peri of .\ rehash >■ N'ig. IHK i^ similar In ihal r»|' . I r/r « , with a 
marginal fringe and transversely elnngaHsl inlraiiiatgiiiaU foi niiiig mo>( 
of the oral surf are the arm«. .Irr^o^/rr i> „\h‘ i>f the most 

eommnii aslernuK of the liido.paeilie regi.m. Tlie t Idniilastei blue are 
known by <me or two large rcvurvcti ^pnn*- poniliiig onluarci borne on 
<‘aeh of I he mhimbulueral wixige- brnmiig the iriKn radial angles of the 
mouth frame. There an* two vm-h s|n»a- lo eaeh wi-tigi^ in .UfrrWo;<. 
one III OtloufusUr and r. In Otttwfstxhnl'vji. bio, tin* emu ns 

Ml the aboral paxillae eon>lsl of little ercs i spines, and the oral siirfaee is 
densely eovered with small .spines, fn U.mIouIoxU r. ifie general IhhIv 
.M irkre boiiiidnl by the marginal plates |s g|..„iuh,r .spiny ‘\ 

•lumber .if speeies of the (hlonlasieridae are ehnraeieiisi i.. of anlnretie 
and .suhanlavetie waters. 

'n„. (•.c.iMiMrri.bc It,.. lui-K..,, .,1 \alv.„a, 

.>0 Kc.|...|„. „( >vlii.-l, „,ity a f,.„ i,iv Sc-VL-ral 

'•l‘an...l..riMi,. .rf ,11. ].. < 

.r, ,ir.. l„ ,1... antar..|i.- ,l-i>h..r, lUIO,. Tl... (;,.nmsl..rida,- u«. 

liuMoro,;,,,,,,, of s,..lla.,. fo„„ xvill, l.r.u.l ,li..k a,»l l.i-.m.llv l,a>.Kt „im. 

by lt„..k mar-i,,:,! plaU-... Th.- Ro.i.Tal l.cKiv 

.M. „,uy U. ,.,„n„oM.,l 

of vari.,1 for,n. a.nl .rf,.-,, U.c- -vkol..,al os.si,-l,.^ a,,. 

.i.rl OUT a or Krari.ik.r mombrari,-. h, /’«r«.f„rrW,rr 

Mu w.lrr. a,„l somo olhor aiTi.-ra, ,h.. ub.,ral m.iW isfor.„«l of paviHa.. 
ami ho.. cxu.",l , W ,i„, „.o rays M.a, ,|... „.„ramar«i„als do not 

make , art al.orally. in r«-.„l.,rrl.„drr lln-r,. is a 1 .k„ 1, (not r.-,.uroo,l) 
- -W , o aaa.nbnla..ra1 n.sl«..s for™in« in,....a,,ii\,f ,,,..1 
fr.uno, / r W .•ir..o.„lK.roal, an.i pu..llus (ns. 137) 
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is common off (California in wators of moderate depth. MedioAter lacks 
special teolh on the moulh frame and is covered uith flower-like paxillae; 
the rod 3/- acqualis occurs on the Pacific Coast from California to Alaska 
(Fig. 136). VeramaMer is a stellate short-rayed form with aboral surface 
composed of ronmled plates cover wl with little granules (Fig. 137). 
Ro8Q!^fcr and SijmphoMtr (Fig. 138) have narrow rays on which the 
»\ip ram arg Inals meet ahovally, or practically do so: both genera have a 
tuimhor of spe<*ies in the Indo-Puclfic region. AmphiafUr is charac- 
terized by the hlunl conical om-t spines borne on both aboral and oral 
sui faces, also along the margins, wlicreas in CaHid^rma there are small 
sharp movable spino on the oral surface and on (ho inframarginals. In 
Tosia and ReutaijonaMtr (Fig. 103.1 1 spines are wanting, and the surfaces 
consist of rotnnled ossicles, bii relent 1 by a row of granules. The body is 
cijvcred by a membrane ol>.s4'uring the ossicles except the marginal ones 
in a group of genera including ('hilatiaslcr. Anthenoides, Anthewa, and 
SiflhMcr. all of which have bivalvM jK*clicellaria. In Anthenfa the whole 
oral surfa<'c, including the inframaighials. is beset with these bivalved 
pcHlicellariae. ea<’h (*ncircle<) l»y grannU^. ffippoftteria also has large 
bivalved pediccllavliu* iFig. 106F) strewji over the oral surface (Fig. I39)f 
but the murgiuiil plates and sometimes the aboral surface are provided 
with tubercles, 

The family Orousteridae (* Pentacerolidac) is characteriaed by the 
reticulate skeleton enclosing papular areas in its meshes. The members 
of the family arc generally of a mode nit e to large size and of broad shape 
with short, broadly bascnl arms, or almost none at all (CtifWfo, llalityU)- 
Tnbercles are typically borne on the nodes of the network, especially 
along the cavinuU, and mar attain considerable size. Large marginal 
plates are pre.sent but are often concealed from surface view. The 
family Is littoral in warm waters of the I ndo- Pacific region; only the genus 
Orvaster is lepre.sented in the .Vtlanlie. The Oreasteridae were mono- 
graphed by Dbdcrlcin (l93o), but ho included in the family a number of 
genera regarded by Fisher (1911) as l>clongiiig to the Goniasteridae, and 
the more acceptable concept of the family corresponds to I> 5 devlein » 
subfamily 0 roast erinae, which he monographed in 1936. As thu> 
understood, the family embraces Greasier. PentaceropsU, Asterodiscus. 
Nidorellia, CulcUa. IlalilyU, and a few other genera. Greasier (* 
laceros) was sub<li^'ided into two or three genera by Doderlein but is here 
used in the broad sense. In Greasier the marginal plates are e\'ident but 
not conspicuous, and the aljoral surface bears immovable tubercles, 
including a carinal row. Greasier reticulalus (Fig. OG), a large, handsome 
star, is common throughout the Florida- West Indies region, and 0- 
nodosys, brilliantly colored red and blue, is abundant in the indo-Pacifi<^ 
Ptntareri>psift lacks projecting tubercles, and the aboral surface is covered 
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witii vimvox ossicles of various si^es interspersed with papulae which here 
are not limited to definite areas. In Sidorellia there are high tubercles 
on the al>oral surface, and the oral surface is also tuberculate. In 


Ai^hrodiscua (Fig. Ul) the body is covered with a warty skin, and the 
marginal plates arc concealed except for two conspicuous ones on the 
ahoral surface of the tips of the raj-s. Cuhitc and HatiiyU are plump 
pentagons with scarcely any arms (Fig. W\ />); in Culeita the skeleton 
is concealed by the leather^' surface bearing granules and more or less 
circular papular areas (Fig. 950. whereas in HaHiyU, the marginals and 
reticulate skeleton are evident, and the papular areas have a triangular 
shape (Fig, U0>. 

The Astcropidae (» Gymnasteridae) is a small family in which the 
surface is also membranous, but the marginal plates are exposed and arc 
more or lo.ss overlapping. There are two genera, PHricia in which the 
margins and aboral surface arc devoid of spines and Asterope (- Gym- 
nantfria) with a spiny margin and median row of spines along the aboral 
.surface of the rays, .-latcropc carinijtra (Fig. Ul) is one of the most 
common sea stars of the In do- West Pacific region. 

1 he family Linckiidae (or Ophkliasteridac) is characterised by the 
small disk, long, flexible cylindroid arms, reduced and inconspicuous 
marginal plates, and mostly smooth surface although some species are 
warty, The skeleton consists of small rounded or stjuarish ossicles, 
closely pla»*ed to form a mosaic or pa\emeiit and usually coN'ered with 
granules. The family is typical of shallow waters in tropical and sub- 
tropical sones. It was revised by H. L. Clark (1921). who recognised 
20 geneva, whereas Fisher in 101 1 had recognised 12. The genera are 
distinguished chiefly on the basis of the distribution of papulae. 
Ophidiaskr (Fig. U2) the aboral ossicles are arranged in longitudinal 
rows and papulae occur in eight longitudinal bands on the arms. In the 
other genera to he mentioned, the aboral ossicles are irregularly disposed. ^ 
Papulae occur on both surfaces of the arms, singly in Fromia, in small 
groups in Nardoc (Fig. 142). Papulae arc limited to the aboral surface 
in Linckia, where they occur in rounded groups irregularly disposed 
(Fig. 08/t), and in Phataria, where they arc arranged in a band on each 
side of the arm (Fig. 106). Linckia is famous for the ability of its cast- 
off arms to regenerate a complete sea star (page 317). Of the several 
species of Linckia, the brilliantly blue L. laevigata Is common in the 
Indo-West Pacific region and L. guildingi is circum tropical. 

The family Poraniidae appears to be on the border line between the 
Phanerosonia and the Spinulosa. It has evident overlapping marginal 
plates, as in the Asteropidae, and the aboral surface is covered with a 
thick membrane. The body shape is stellate. Spines are wanting in 
Dermasteriaif whereas in Ptyrania and Marginaster they fringe the arms 
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i!i ilic‘ laltcr also wrur ovor Ihe aboral surface. Foraniorrwrpha 
has some spines on the infra marginals, but they are insufficient to make 
a distil let Jiinge. The leather star Dermasterias imbricata (Fig. 143), 
purple with red markings, is found on the Pacific Coast from California to 
Alaska. Poramd put villus and Poraniomorpha hitpulus occur on north 
Ruropean coasts at moderate depths. 

22. Order Spinulosa. This order is not sharply separable from the 
Phaneroznnia. although conspicuous marginal plates forming a broad 
vertical edge to the arms are usually wanting. The aboral skeleton is 
reticulate or imbricatwl and generally has low spines, not infrequently 
heluuging to paxillae or pseudopaxillae. The mouth frame is of the 
atluml>ula<'ral type, as in the Phanerozonia. The podia have (he typical 
^iK^kcrod form and wcur in two rows in each ambulacra! gj’oove. Pedi- 
cel lariao are rarely present. 

The small family (lanoriidae (also called kadiasteridae) is again a 
l)oixlcrlino family, having distinct marginal plates and aboral paxillae; 
on the oral surface the plates are arranged in regular rows and bear one 
or two spines or a tuft of spinclcls. The disk is broad, but (he arms are 
usually somewhat olotigatwi. Most of (ho genera of this family are 
limited to the antarctic and submit arctic {Coneria. Scotiastfr, Cycetkra, 
PfrkuaHcf). 

In the .Vsteriiiidne the body is often broadly stellate with a thin 
margin. The aboral surface is funned of scale-like, imbricated plates 
carrying groups or tufts of sjnnelcts or granules, and the oral surface is 
also composed of imbricating plates bearing a tuft or fan of spinelets. 

In .Uferma the main al>oral plates are not ercsoontie and both surfaces 
arc covered with tufts of small spines. .Ufmne gihbow is a common sea 
star of western Kuvo|)e, including (he Mediterranean, and extends down 
the west coast of Africa to the Azores. In Paiiria and Patiriclia the 
aboral surface is covered with granules and the main plates are crescentic ^ 
with the concave surface directed toward the disk, producing a pretty 
pattern. In Patina the oral surface bears fan-like (ufts of spines webbed 
togeth«'r, whcrca.s in Patirietta there are only one or two spines on each 
plate. Paiiria miniata, typically re<l or orange but also occurring in other 
colors, is a well-known sea star of Ihe Pacific Coast from California to 
Alaska (Figs. 144, 14o)- Pa(/>rr//a is limited to the Southern Hemisphere, 
where P. exigua is widely sprea<l In the In do- West Pacific. Xeponthiii 
differs from the usual shape of the family in having a small disk and -• 
slender rays; here, too, the main aboral plates are more or less cre«* 
centiform. This genus is common on the tropical coasts of Australia- 
Anseropoda ( * Palfnipi*s) is a ^•er>' broadly pentagonal star remarkable 
for the wafer thinness of iu body. On the aboral side there is a median 
crest along each ray, and both surfaces are provided with tufts of minute 
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spitjelets. Anserovoda placenta (Fig. Uo) inhabits west^^rr^ f:urope and 
the Mediterranean. 

The P>hinasteridae have a small disk and five slender oylindroid rays; 
the skeleton is retirulated with open meshes and angle spines or a few 
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Hennca sang^tnolenla .a c.reumboreal (Fig. 146). Poraniopn. has «-ide 


rHYLl W/ E('HlXODR/(.\fATA 


ooo 

.•^kolctul jnesbes with numeroiij^ papular and large single erect spines 
at the nodes. 

Three small families. .Mithrodildac, .Want hast eridae, and Valvaster- 
idac are separated from the Echinasleridae by their bifurcated ampullae. 
fCaeh of these families contains a single genus, limited to warmer waters. 
Mithrodia has a very small disk, constricted from the bases of the narrow 
arms, and triangtilar skeletal meshes. Acantha^^r is mult (rayed and 
very spiny (Fig. U7.1). In \'Qlta$U‘r there are also triangular papular 
areas, but pcdicellariae are present, and the suckers of the podia are 
supported by a skeletal rosette, rare in asteroids. 

The Solastcridae or .sun stars are multi rayed stars (except for the 
livc-rayed genus I^phastfr), of characteristic appearance (Fig. 94f), 
with a broad disk continuous with the many, rather short tapering arms. 
The aboral skeleton is reticulated, beset with groups of spinelets resem- 
bling the crowns of paxillae. Some of the adambulaeral spines tend to 
form transverse fans, as in the Ptcrastcridae. Main genera with up to 
lo rays arc Crotsasirr. with widely meshed skeleton and prominent 
groups of spinelets (Fig. 94(?). arid Sol<is(er, with smallei* skeletal meshes 
aiul shorter and more crowded bunches of spinelets. Cro$M$tcr papposut 
(Fig. 94F) is a very <*ommon circum boreal species. Solaster endfcc 
(Fig. 147) is widely distributed in nortbern waters, and S. 9imp4oni 
and <iaw9oni occur along the northern part of the Pacific Coast of North 
.\mcrica. In /Irterozoniat prominent marginal paxillae are separated by 
longitudinally oriented plates bearing short spinelets; H. aliernatus is 
found in deeper waters from Washington to California. The five-rayed 
Lophaitcr is represented by L. furdUig^r in deeper waters from the 
Panamic region to the Bering Sea. 

In the small five-rayed family K ore th raster] dae, there are no promi- 
nent marginal paxillae and no plates on the oral side between the adambu- 
lu<’rals and the inframarginals; the spines on these two plate rows form 
continuous transverse series. Korethrasier, with the paxilliforzn tufts 
of spinelets not webbed together, is known mainly by K. hispid us in 
Atlantic arctic waters, at moderate depths. In Peribolastfr, the spines 
in the pax i Hi form tufts ore webbed together; P. bisfriaUs occurs ai 
moderate depths of! California. 

The Pterasteridae, or cushion stars, present a \'cr3' characlenstir 
a))pcarance, being plump, five-rayed asteroids with short broad arirn' 
'Die aboral surface is composed of paxillae whose crowns arc united by a 
snpradorsal membrane which forms the apparent aboral surface and 
covers over the nidamental chamber. The supradorsal membrane l^ 
pierced by numerous small elosable pores and a large central opcnine 
provided with a valve; there is, further, a row of openings into 
nidamental chamber to the outer side of the adambulaeral spines. On 
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the oral surface there are no plates betsseen the adambulacral and infra- 
marginal rows. In Ptfrasler. Diplcptfragter. and Rehstfr, the adambu- 
lacral spines are vebhed to form transverse fans, and the long outer 
adamlmlaorai s-pines are united by a web into a longitudinal membraru* 
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of podia in the ambulacra! gj ooves. Diplopitrasler muUipes appears to 
be cin'umborcal, and Rciaiiter insignia is common in the Indo-Pacific 
region. la Hymcnasicr. with many species, the adambulacral spines are 
not webbed to form transverse fans, and the loj»g outer adambulacral 
spines are merged into the oral floor. The genus inhabits mostly ajvhi- 
henthal and abyssal waters; H ymenasUr pettucidus (Fig. 148) is common 
in arctic and boreal areas of the North .\t Ian tic at depths of 15 to 2800 m. 

23. Order Forcipulata.* The members of this order are distinguished 
from all other asteroids by the presence of typical pedicellariae provided 
with a basal piece and two valves- (lenerally they have a small disk 
and elongated tapering arms with rounded sides, hence are devoid of a 
definite margin and conspicuous marginal plates. The skeleton is 
reticular, visually arranged in the arms in transverse arches, corresponding 
to every second or third adambulacral . and mostly also showing more or 
less regular longitudinal series, as carinals and marginals (Fig. lOlF). 
The mouth frame is usually of the ambulacra! type. The podia occur 
in two or four r<jws in each ambii lateral groove and are provided with 
simple ampullae. Papulae usually o(*cur on all surfaces. Four families 
are recognized by Fisher 

The deep-sea family Rrisingidoc presents a characteristic appoaranco, 
having n .small, circular, well-delimited <lisk and numerous, slender 
liristly arms (Fig. NU). The a bora I skeleton is weakly developed and is 
not reticulate, consisting of thin plates or of transverse arches separated 
by wide areas of body wall without ossicles, Only crossed pedicellanac 
arc present (Fig. and there ore but two rows of podia in each 

ambulacra I groove- Fi.<her in 11)28 listed 16 genera, and in 1940 he 
added the antarctic genus OdincHa (Fig. 150), with interlocking spines 
at the ray bases forming brood pouches. In Odinia and OdineUa numer- 
ous conspicuous papulae are present on the ahoral surface of the disk 
and proximal parts of the rays, and in Brimf\gc**c8 there is a circle of 
small papulae at the edge of the disk, two to each ray, but papulae arc 
wanting in the 1 ‘emaining genera. The gonads are serial, that is, concisf 
of numerous tufts in a row in the sides of the rays in BrUingenes, Brifingo- 
Craierobrinnga. Brisingtistery and whereas in Freyedo (Fig* 

1)6.1), AsRro^tfphant. and some other genera, each ray contains the 
usual pair of gonads. 

The Heliasteridae contains the single genus HfliasUr, in which there 
is a verj* broad disk merged into numerous (20 to 44 J short tapering rays* 
The skeleton is reticulate, and both straight and crossed pedicellariae 
are present. A single madreporile is present- Only the central part o 
the broad disk i.s the true disk, for the rays are continued inward by loni 
interbrachial septa- The genus is peculiar in that at their inner ends the 
interhrachial septa are joined by a circular vertical wall (discobrachia 
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wall) which almost cuts oiT the coelom 0 / the disk from that of the rays. 
Heli(uter (Fig. 151), with several species, is confined to shallow waters 
in the Panamic region. The genus was monographed by H. L. Clark 
(1907), who has shown that HfUatier begins life with five rays and that 
additional rays are added in all the interradii except that which contains 
the madroporite. 

The Zoroasteridae (renewed by H. L. Clark, 1920) are deep-water 
forcipulates with a small disk and fi^'e long slender arms iti which the 


plates are arranged in longitudinal rows. Pedicel la riae, when preseiit, 
are of the straight type only. There are mostly four rows of podia in 
each ambulacral groove. The ahoral surface Iwars small delicate spines 
in Zoroaster (Fig. 152) with small papular area-s and in .\f t/£ 0 (lfrma with 
larger papular areas between tlic ca finals and supramarginaU. The 
aboral surface is devoid of spines and covered with a thiek membrane in 
CTiemulanUr, According to Fisher (1028) zoroastemis are abundant on 
muddy bottom in dwp water off the Paeilie Coa.st of the I'nitcd Slates; 
there are also a number of ludo-J»aeitic speeics. 

Wc come now to the largo family Astcriidae whieh includes the 
majority of the fort'ipulates and is saitl by Fisher ( 1928) to be a polyphy- 
Ictic aggregation of genera. Most members of this family have the 
general appearance made familiar to z<H)h)gistK by the genus Asterios, 
with a disk of moderate .size continued broadiv into rounded tapering 
arms of moderate length, mostly five or six in number, Imt numerous in 
some genera, and with a rclieulatccl bumpv or warty surface (Fig 075) 
The skeleton is reticulate, and in the arms the ossicles are more or less 
arrangwl in longitudinal series, as Illustrated in Fig. U)i£. Both 
crossed and straight pcdicellarjae are prwmt. and then* an» typically 
four rows of p<xlia in the amf>ulacral groos es. There are about ^0 genera 
HUbd.videcl by Hsbpr (|.) 28 , i,,.,, (,,,^ 0 , 

to SIX. In HKW) l-islH-r provided vorj- usoful lists of Ecnora, species, and 
synonyms for some of the aulifamilics, especially the Asteriiiiae, 

Ihc subfamily Pcd.eellBslcri.iac is charaeterijcd by the incomplete 
mouth frame, as the lirsl pair of adaml.ula.-rals of each row do not meet 
medially; the erosso.! podieellariae are scattered and do nut occur in 

,b OS “Th"*^ ’'"‘r' on theadambulacral 

Tl 1 ^ Ihis grotip l.ave five or six rays and two rows of 

podia, at least dislallv; they are mostly confined to deeper waters 
(onspieunus mframarginal spines are wanting in /W.ceWaster and 

icindtofT; I"'"*'" PMcMasUr l.as two 

JllvL If h f conspicuous spine-hke teeth along the 

strl r'n -«‘<1 tiny. A^pHera.Ur has curious 

straight pcdicellanac with expande .1 tips provided witli long spines that 
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iiiUTc'lasp wKon iIk* valv<»> arc cIomnI iVi*r. 158.1); such are wauling in 
Tarf^aster. 

hi the vciimiiiiii;4 Mihfuinilio the mmiili f)‘umc U of the usual anjbu* 
In era I type, ntul ilunx* arc h curly ahsav'^ four rows of podia per groove; 



I'liHiieruzumu (ronclutlctl^. INirjnmiHe. ta^rU>ii9. 

CmmI al S'uftb Vm^rH'a. 




The adanihulaetal >piuc» do not Insir |M*<heclUriae except in the M 
>ul)family, the AMeriinae. The Mjhfamily Xcomorphasierinac is kno^n 
only by the genus Xcoitforphof<ff r. drx'dgetJ by the Chalfvngtr (8ladon. 
IH89) near the Azores ai about l‘,K)0 m. In this the primary lanal 
plates of the a bora I surface of the disk are retained as such, 

])lates of the five arms occur in longitudinal rows, as in ’Aoroa^icr. These 
•baraclers are wanting in the rest of the subfamilies, which further a^ 
jirovided with wreaths of crossed pedicellariae around spine bases, ih^ 
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ancc with rows of spines along the median and lateral aboral surfaces of 
the rays and with two spines on each infraraarginal plate; the aboral 
spines are encircled by a wreath of crossed pedicel lariae. I.i Astromeiis, 
Sclcra.'iterias, A^iroHlolc. CoecinastcriaSy and .\fartka9Uria8 there is also 
a cluster of crossed po<li col lariae around the outer of the two infra- 
marginal spines. .l#irowc//> a ltd Mrra/itertas ha\'e fi\'e rays in the adult; 
the latter is fissiparous when young (page 313), at which time it is 
pros' id eel \^'ith six rays. Asiromefts serf iif if era is common in shallow 
water off C'allfornia and under the erroneous name of Aetenas forreri 
was the subject of a famous study of behavior by Jennings (1007). 
Astrofitole has seven to nine rays and is not known to undergo fission 
(^oseinafiU riaft, with s<*ven to 12 rays and lissiparous habits, is represented 
by C. Unuispiiia (Fig. I' m) at itermuda. (\ aenfUpina around Japan, and 
C. ca fa mart a in the Indo-Pacifir. The n on fissi parous .\farthastcna8 
i/lanalia (Fig. 151) with five arms and much employcsl for experimenUl 
()urposcs is rommon on p«uro|)ean c^Mists ami also extends into the 
Mc*(litcrrancan and (lc»wn the west coast of Africa. In the genera 
Styluati riiif. Lefhantcrias. and Or/hatferias, both inframarginal spines 
carry a cluster of pediccllavia. S'otantenfiA. confined to (he antarctic, 
has a pe<*nliar type <if crossed pe<liccllann with crossetl tips (Fig. 158^, C), 
mostly rather large, n'uehing as much as 3 mm. in length- This genus 
was formerly made the type of the subfamily Notasterilnae, hut in 
IIMO Fisher with<ln*w this subfamily, uniting it with the Coseiim.sleriinee. 
In the smell subfamily Pyenop<Kliinae there is practically no aboral 
skeleton, so that the rays are soft and flexible; otherwise this family is 
similar to the ('(MK'inusterhnae with two spines on each inframarginal 
plate uikI prominent sheaths of eros.'<ecl pedicel lariae around all of the 
spines. Of the few species In this group the most important i.s the 20* 
rayed star Pyenopodio hclianthoiites, a \'ery large asteroid with mostly lo 
to 23 soft rays and with the whole .surface crowded with clumps of 
branched papulae and thick pompoms of cros.sed pcnli cel lariae around 
spine bases. This species occurs from southern California to (he Aleutian 
Islands on rocky bottom in shallow waters and is a conspicuous member 
of the fauna of Puget Sound. 

The subfamily .Weriinac includes the majority of the Astcriidae. 
Here the adambulacral spines often bear p^‘di cel lariae, singly or in 
groups (Fig. S)7I)). and the general l><)dy armature is more of (he nature 
of tubercles or warts than of spines. The genera are divided by Irisher 
(l'J30) into one group including tho&o with pedieedlariae on the adambu- 
lacral spines and another group without such pedicellariae. In the 
former are ratxgecl the genera A9Uria$. Ei-aeterias, and Lcptasterids- 
The last is distinguished by the ventral ly opening gonads in correlation 
with the brooditxg habit, Leplasferias is a genus of small five- or six- 
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ruy«*<l stars with many s|m*<'IC‘s. sul»'|«*n<‘x, arid varj<'li**a in < (►I'l norlfuTii 
us hfXarti' arrfira. fnifan's. gr<H nl<tii>Ii('n <1 ill* 

rfimlsi'hnfika. and ><> on. In .U/rrnrjf and f'ras/cnas tin* p)im(is np<’" 
{loiMilly; AMrn'afi has but om» row of «s>ides on (In* oral side botaocn tl‘* 
adatnlndni rals and the inframarginala. so that the latter are distinct!) 
on tl»c oral Mirtaee. whereas in l’'rn$f^rta8 there are three to ro^YS oi 




ASTEROIDEA: BEHAVIOR 


3411 


osacles lateral to the adambulacrals, so that the inframai^iiiaU occupj* a 
lateral position. The genus AeUria^ {Afleracanihion or AsUracantkium 
in old literature), formerly made a catchall for a largo number of species 
(close to loO}, has now l>eon restricted to a few forms of nhit h the chief 
on PH are A. rubens on north Kuropean coasts. .1. vubjorh on the Atlantic 
Coast of Xorth America from l^ihraclor to Ixmg Island Sound, .t. forbefd 
from Maine to the («ulf of NCerdco. and aw«rr««<« from the Bering 
Sea, Japaji, and Korea northward. I’he principal sp<*eies of Evatf/eriQn 
is Iroschcli. ah un da! it from Puget Sound to Alaska (Fig. 15G). Of the 
genera without pedicellariae on theamiuilacral spines, the most Important 
in the Xortljern llomlsphen* is /'jW/rr. lai^c, heavy, five- or si x-rayed 
stars with a single spine on the a<lamhulai'tul plates, two to five rows of 
plates between the adamhulacnds and iiiframarginals. fur<uto pwlieel- 
lariae (Fig. I04f’). and .strands of jH^llcellariae nllache<i along the borders 
of the ainhulacral grooves (Fig. /*i#a«^cr orhracfuit (Fig. 157) 

Is a characteristic sea star of the IVific Coast fr<»m (’alifornia to Alaska, 
and other Hpceles of live in the .same area, iiieluding l\ brmftpinus. 

one of the largest .known astercads with an f( of 3'iO mrn., or about 2 feet 
from tip 1 o lip. .S/ep/iaim*/rrm^ (Fig. is a genus of small. lis.siparous 
.‘<tars with up to nine rays, two or three spines on each aclumhuhicral 
ossicle, and no rows of plates on the oral side Uaween the udainhulaerals 
niid mframargjhals, N. alhufa is a ein-umpolar sp<*cjes. S/irhastrflla 
without rosettes of fH*dicellariae armind the sjiines is represented by 
N. ravcfl, a rather large rose-mlored star found on west Furopenn coasts 
A number of asterjine genera, mostly with h^KKling habits, are limited 
to the antarcue. as Annxtrria^. LyMrirrioH. Diphn/tnan, Crypfafitmas 
\fosomilQahr. Smihsirrws, and dranan/ir. 


24. Ecology: Habits and Behavior. The .sea stars aJ'e exclusively 
iimiinc benthonie animals, inimhiting various tyr»‘.s of bottom, mainly 
.n tl». I.uoral *ono, uhorr ih.-y ,.ra«l „r n-.ay ro.nai., .i.noswntat 

il.tSJl slut.- that .\,Unos forbe^i is fom.cl o,,.ia]ly aimndaiil oi. hard 
|■>ck>, s.uidy, or soft hotlom and that iu distribution is determinod 
l.iitnuMly by tho abinidanro of bivalv.-s, its main food. Ilonever 
i, refer..,., or a particular type of lK>ltom is sho.vn by many species' 
bt -be l*a..,l,c Coast of North America a nu.nbcr of spLes are Umiltd 
u, rocky bottom (n.ckctts an.! Calvin. 1953): Linckia columbiae AHrc 

/ r«ri«o ln,u>cula, lUrma>i„ia> imbricaUi. and I’isa^Ur ochroceu. The 
. ommon mud star (.Unodiicu, critpatu» inhabits soft, muddy l.oltom 
!„fc6.,,a IS typically found among stones. Specie.s that live more 
‘to "■ “"‘I neces.-uirily duel! on sandy bottom; this applies 

opwia placenta, most species of AelropeeUn. and some species of 
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Lnidia (Mansold, iU08»; Keiik. HM4: Mori and Maliitani. 1952). In 
burying itself, descends veilically. throwing the sand to both 

sides of each ray by outward flings of the podia and may cover itself 
within a minute. 

The Benthopectinidae can possibly swim by thrashing the arms 
(page 270), but if so would presumably not l>e able to lift themselves 
much front the bottom. .\l) other.** move bv crawling on the bottom, 
mostly at a rather slow rate which va^ie^ with diffenmt sp<*cies, somewhat 
inversely with sue. The following hgur(‘s on the rate of locomotion 
have been found in the literature: .U/enno yiftitoxo. ‘J to 5 cm. per minute 
(Maitgold, lOOfta; ( rozier, .[xtenaA rul}fntt. 5 to 8 cm. per minute 

(Uomanes and Kwart, I8KI: Breycr. I88tb: .U/erms /or6esf, lo cm. per 
minute 1012): OrcowW 20 cm. per minute (Ohshima, 

1040); Astropertrn onrattrMrus. .10 tu VA) cm. t)er minute {Preycr, 
.[airopcrlen ApinuloguA. VA) cm. |H*r minute (Tortoiiew*, 1950af; and 
Crosfiaslri papponHH (small). 2 m. p<'r minute (Milligan. HMGb/. appur* 
ently the speed r<*corcl for the group, .\cconling to Jennings (1907; 
also Oiebscblag, 1918; nstenndH explore their MiiT<ninding.< very thor- 
oughly by means the M*n?H)ry pcMiia on the ray tips and, when on the 
move, keep ihiw stnuehed out. They lend tfi gel Murtwl in one direc- 
tion and to continue in this direction for Mune time bi^fore changing 
eonrsc, clambering over nbiecls ami climbing np the walls of a^piarla in 
an obstinule ad he mice to a direction onee Muvtp<i. They tend to 
remain in one locality and do run wander very far: the maximum distance 
covered by .UteriaM foriM'Hi markiKl with u blue dve was I mile in 10 
immths ((Jaltsoff and Lm.sanolT. 1919). Similarly marked .tsfend.s 
vulgari, migrated a maximum of 2011 m., with an average of 20 m in I 
months (O. SmitI,. HHO). S„iir.-k (l!«2) i.ot.Kl ,ha. .U/.r.V., n.ben. 
Uiled in 4 «iimm.T mniitli* to r.-i»>|.iilaU' oysters I«kJs only 100 m. »miu 
from which they had lieen cleaned out. 

Some. ron»iclor,..i„n has U..-,. given in ihe litemti.re to the „uestion 
wfiellier astoronls tend to moie aith some par.ienlar rav in Hd^•an,■e• 
of course the rays van In- identified only »ith i-eferenve to the nmilre- 
|>onle. i reyer ( ISS, i .....de ohservations on live s[>e<-ies {Lm,lia HliarU 

a.,d o„vanaan,a, and MarllM„. 
dtacahi) and vonsiderrd that only . 1 . pculaca„lhu> exlnbil.-d any rav 

-Uferms r«^„. shmvs some |, reference for advancing on ravi A and 1) 
hut Dichsvhlag ( l!)3«, fa, Id tj|,j g,,,, preference in this species oi 

wiTn "d a>'d .Isfropcrfen irregular^. 
Usp,no,us, and .p.,,ulo.u>,. ..U,eria> tends to move with ray D 

in P P'^ferenee could be found 

m bchinoiUr crcn»p,na (Cowles, 1909. 1911). PUrosfer Usselaluf 



Klo. I«4S.— I*iora*Jcn»la^. A. iHflud'i.t. Xortlj 

«l>oral vi<*w. B. s:un«. "ral view. {Both o/ur Sic4iH. JnNy.) J. o~ulu»i. '<i- g 

oaruiym; 3. ctowm of paxtllae: 4 . long a<lainbu1«rr4l spin«s merged into oral aurffcso. 
adaiobulacral pieces <if mokxth frame 6. edambuJacraJ ossiclea. 
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shows ? distinct touUency to advance on ray E (Rodenhouse and Guber- 
lot. 1046). Tho clearest case of raorphotogical and physiological bilater- 
ality in asteroids is that of Pycnopodia kc/ianthoides (Kjerchow-Agersborg 
1922), which invariably advances with what was ray E in the 
newly metamorphosed star, that is, with the ray opposite the site of 
formation of all tho postnatal rays (page 247; Fig- 158£>). 

Light appears to play a considerable role in the life of asteroids; 
most are negative to light, seeking shaded areas. The behavior of such 
a negatively phototaetic sea star was des<Tibed by Jennings (1907) in 
his study of A8/romrti$ sertuU/cra. This species is aroused to activity 
l)y light an<l moves away from it until it hitds a shaded area, where it 
comes to rest, reacting to the intensity of light and not to the direction 
of. tho sun’s rays. If pla<'od under conditions whew it cannot escape 
strong light, it continues activity, appearing very disturl>ed, and finally 
takes up a position of rest in which ventral structures and arm tips 
arc protected from light us much as possible by the rest of the body 
• /orbfai anti ffenriria sanguinotrnta are also negative to light 

(MaoCurdy, 1912, 1013), retracting any parts subjected to sudden 
illumination. Many sea stars, however, show a positive response to 
light- Romanes and Kwart (1881) and Romanes (188;>) reported that 
.Ufcn’fls rubenfy (Vossnsfer ywppesiis, aikd Aftreperfrn auranciacua are all 
strongly positive to light, and Preycr (1887) found that Martkaafanas 
glncialia, Eckinaatcr sepo^itua, and Aafarina gtbboaa would invariably 
asscmiile at the lightest end of an aquarium and that the last, when 
placed on a atilwtruto murke<l off in white, gray, and black stjuarea, 
would come to rc.st on the white stjuarcs- Mangold (1909) observed 
that .4.*(crfnfl gibbosQ and panceri are pcKHiiive to moderate light but 
avoid both shade and direct sunlight, whereas Pnitagonaxtfr plactntaiB 
positive to sunlight, de.spite the fact that it normally lives at 40 to 400 m., 
where dim light jkrcvails. Erhinaaiar crogKiapvta moves from regions of 
lower to regions of higher light intensity without regard to the direction 
of the sun’s rays, is also positive to all colors (Cowles, 1999. 1910, 1911)i 
atul will select a while wall when placed in an otherwise black container 
(('owlcs, 1914): in its natural habitat (Tortugas) this species and also 
Aatr^peclan duplicaius lie on .‘«andy or rocky bottom in shall o'V water 
fully exposed to direct sunlight, and the same is true of Oraastcr reiirufetua, 
observed by the author in the Bahamas. ^'anabIc results have been 
reported for .Isfrrtas rubtna. found by Bohn (1908) to be generally 
negative to light, although readily altering its response: by Weel (1935) 
to be positive to weak light : by Plessner (1913) to be positive to all 
intensities; and by Romanes and Ewart and Ewart (above) and Just 
(1927) to give a decided positive response- The claim of Just that 
A. rubena when exposed to two opposite lights of equal intensity would 
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follow a ic.HuUant path betweeo the lights was denied by Diebschlag 
'1938), who <Titi<*izo<l Just’s setup. According to Diebschlag, freshly 
l ollccted s|>c<'jmi*ns of .1. and Astropecien irregufaris are nearly 

always p<»siti\*e to light and may be lc<i around by shining a light on an 
arm ti]>, for about Jo minutes, after which they till? and become iudifTerent 
to light. He fcmrul that when exposed to two or more lights of c<iual 
intensity these stai> would simply move directly toward one of them, 
igjitwing the others. Ae cording to the ix*snlfant theory, those sea stars 
when snrrnunded l)y five lights of e<nml intensify slrnnld not move at all, 
but in lart tb<y p‘vceed towaixl one of the lights. Heports on .Jaferfna 
gihhoxa also ap[)ear rntin r discordant; Crozier (1035) declared that thi^i 
species is incliirevent to light, although Preyer and Mangold (above) 
obtained positive react ion.s. According to Kalmns (1929) only young 
>|>c<'imeris resiKiiid positively, moving diix*ctly to the liglited side of lb« 
containev. idioosing the lirighter of two lights, .solo<djng the lightest 
bnckginuiid, and cluinging direction when the din*etlon <if light is eltci^d- 
J‘/t raster tf ssclaiit.i is negative to bright light and to bine and yellow butb 
po.siiive to miulerate intensity ami to green (Hoden bouse and (luberH 
1916). Perhaps tlie most remiirkahle of all irsponses of asteroids to 
light is that of Astrojfir/in ;W//aro«Mn« (Mori and Matutani, 1952). 
'fins sf>e<*ies lives biiriixi in the sand mo.st of the time but emerges twice 
daily to limit fcxnl when the light reaches a certain intensity, toward 
mimiiiig ami t<»war<l evening. It dm's not move about eitlicr in (]ftrknc»>' 
or ill strong light Init only in a definite, rather low intensity. Ho"'* 
ever, the tendency to emerge from the .sand grow.s stronger ns daylight 


approaches, and the lime spent in activity on tlie surface of the sand i*' 
mnrkc<lly lengthened in hungry animals. The rhythm with ivspert to 
light is retained f<ir 2 or 3 days when the animals are kept in constant 
<larkm*ss. but is then lost. 

Most of the investigators (piottnJ aimvc have considoied the (luc.sticn 
whctlier response* to light depends on tlie integrity of the ocelli in ihc 
<‘ptic cushion. It is to Ik* noted that sea stars usualb' move about with 
the arm tips curved aborally, thus exposing the optic cushion and th« 
terminal sons<ny ptnlia. Uestill.s with regard to the role of the oc'clii 
in light reactions are discoixlant. Uomane.s. Pr<»yer. .lust. Plcssn^* 
Kalmus, and Diehschlug found that a directive cfTcct of light is aboli*»hr<j 
or rendered uncertain by removal of the arm tips, whereas Mangold an<j 
Cowles report cmI no effect of such removal; the rhythmic behavior o| 
AMrupecien pol {/acanthus to the daily light cycle is also independent o 
the presence of the owlli. It would api>ear eertaiii that in at least some 
species the ocelli arc necessary for a directed response to light; for 
instance, Oicbschlag’s observation that an isolated arm of photopositi^^ 
stars would move directly toward a light basM? forward (as usual 
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isolated arms) hut with the arm tip runted over the ba<k Mt that the 
oooUi fared the light is rather ronvinchig of a light -perceptive role of the 
ocelli- On the other hand, the general body surface of a^teroidd is 
undoubtedly sensitive to light. Sudden illumination of any part of 
A forhe^ evokes Imal con tract ion regardless of the presence of the 
ocelli (MarCurdy, 1912. Moore <1921 j verilied this result, that 

a Hash of sunlight applied the oral surface will cause the podia to 
retract and loosen hold and the groove to dose locally; the podia do not 
respond to iilumination of the aboral surface. The papulae and podia 
of {)reanter rttirulafim contract and the ambulacra I groove closes when 
spots of light or shadow are thrown on them (('nwlea, 1010. 1011), and 
these rca< lions lake place in the al>s<*ncr of ocelli. Similarly, in the 
abseni'c* of the ocelli, the jhmUu of .t«/ro;w«r/en nuranriatHft retract and the 
nmbnincral gro(»ve doses locally if lithi is shone or flashed upon them, 
with a latent poruxl defM'inleiit on the intensity of the light (Hess, 1014); 
the same reaction is given by i.solaied arms or pieces of arms, but no 
response follows illumination of the nlmral surface. 


Asteroids often damber up rwks or a-M^end the walls of aijuaria, liut 

probably in response to factors other than gravity, often merely as an 

expression of a tendency to continue with great persistency in u direction 

01 1 c c star ted. 1 1 < » we v er . . I .^rri n a gi Wwm is <J ef i n i t e) v ru'gat i ^‘e t o gra\i ty 

(Mangold, ItHm; Knlmus. 1929: (‘rozier. 11185); il will n.^^eend a glass 

cylinder completely lilM with uater. coming to rwl beneath the glass 

cover and so remaining for hours- and n*p<*ating the performance every 

tme the eyinider is invert eti, This UOiavitir also occurs in t he dark and 

wi 1 be curried oul by ono-fifth of the disk with an arm attached but not 

fol owing removal of the nerve ring. It is generally believed that the 

pull of the luKly on the pcxlia constitutes the means of perception of the 

direction of gravity. Crozier attached corks to the hodv soas to produce 

nil upward pull and reporte<l that under «ieh circumstances Astmna 
dc-H’ends, 


“'"Tl 'heir rcti-artioti (Preyer, 

.m«l. hi. arm ....nrmied, ,1..... to oth.-r arm«, ami finally to the entire 
an nnal, l.nl Mnl. retraclion of the poclia i» aluays followed by their 
••Nten«,on. M.mnUtion of the «,les of an arm eau4 the podia to poinf 
U.wa>-d the st.mnlat.al apot. and this reaetion may sprea.l along the fay 
^..nultaneons s.tmtdatiot. of two points along the same side of a raV 

• 1 ) 018 , simultaneous stimulation of opposite sides of the ambulaeral 

femaini^rn d"' «Pots, but the 

•emraZ -f f is slight, 

ally if stronger. Retraetion on contact and bending to latlral 
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stimulation also occur in isolate<l arms. Mechanical stimulation of the 
aboral surface of aii arm evokes lcH*al contraction of the podia to the 
oval side of the stimulateil spot; but elsewhere the podia extend and the 
animal moves away. Proyer formnlaietl the general rule that any 
stimulation of the oral or aboral surface of a ray evokes l<x*al contract ion 
of the podia; in the case of oral stimulation such contraction may spread 
throughout the entire animal, but the contraction Hoes not spread follow- 
ing aboral stimulation. In cither case all contractions arc followed by 
extension of the podia, apparently as a preliminaiy to flight. Trans- 
mission of stimuli from one arm to another is always by way of the radial 
ncrs'CR and nerve ring, rjever by way of the sttrfacc wtwork. The j>odia 
of I so I ate( I arms react t he sam e a v w hen pa r1 iif t ) n* i n t ac t an i m al . Moore 
(1920) discovered the <fer«o/ rfjlex. that is, the dorsal flexure of an arm 
following stimulation of its aboral surface; this was verified by Mangold 
(1921). The dorsal reflex may l)e transmittwl to the other arms, with 
resulting general curvature of the arms toward the aboral side, but only 
by way of the radial nerves and nerve ring. I. sol a led arms also give 
I ho dorsal reflex if thejr radial nerve is Intact. l>ivMJtnably dorsal 
curvature of the arms Is brought about by contraction of the muscle 
strand In the middorsal wall of the rays. A spis'ial n‘action to contact 
or mccimnicul stimulation is gi\en by Anuntpodu pinrrnto. ’I'his spc<nc» 
il will be rccalle<l, Is very thin and flat and of pentagonal shape {Pig. u,^)' 
\\ hen at rent tt lies in what .^ms to be a contracted condition, with the 
body wall between the rays indeiite^l. making the ravs more evident 
Uhen stimulated to activity by louehiug the aboral surface, this animal 
first expands to the pentagonal shape, gives the dorsal i-eflex, and tinallv 
moves off in the exparHlc*d shape (Mangc»ld, lfK)8b; Prbhiich, lOlO) 
Ihose reactions depend on the ln(i«rlty of the radial nerve.s, and cuts 
imlicate that transmission through the nerve net wcurs only in the 
traim'crse direction; impuls<‘s will not go around a lateral out as they 
will in ochmoids. •* 

Of all fnvirou-nei.tal rc-la.i„ns of a.s.Proi<ls, conlart is probably tho 
ino»t .mportant, Kwpii.g the oral surfaec, e«pe<-iallv >he podU in 
■ oi.tact with a substratum proluilily supersedes all other reac'tions’ as 
shown by the fact (hat the righting reflex, that is, turning over into ’the 

vith a faohty depending on their body shape and flexibility. This 

amt L«art (1881), Romanes (1885), Preyer (1886), .leimings (1907) 
Moore 1910a. 1910b, 1920, 1921), L. Cole (191^ Ru^fl S’ 

Mhiag (1J38), Ohsh.ma (1940), and Tortonese (1950), The detailed 
movements involved in righting are often very lariaile. as no^ by 
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Jennings, but in general can be classified into three categories (Ohshiraa) : 
somersaulting, folding over, and assuming the tulip form. When placed 
on its back, the asteroid usually lies <|uic5cent for a brief period, then 
gives the dorsal reflex, bending Ibe arm tips al)orally. Some of tbe arm 
tips thus come in contact with the substratum; typically two then attach 
by the podia (Fig. loO.l ) and begin walking, so to speak, beneath the 
animal, bringing mon‘ and more podia into action. The rest of the sea 
star gradually rises up and eventually is lowered into the normal position, 
80 that the animal In effect turns a somersault- If three arms attach, 
the two miter ones accomplish (he righting, and the middle one becomes 
strongly bent under temporarily. If four or five arms take hold, righting 
is impeded until some let go. Folding over is a variant of somersaulting; 
the unattached part of the body, instead of elevating, doubles over on 
the altacluMl pan and then gradually slides into position. The assump- 
tion of the tulip form permits righting without much use of the podia* 
the animal rises up on the tips of the arms into a Imd-like shape with the 
oral surface outward (Fig. 16t)/i) and then just falls over. The inverted 
tulip form IS also sometime.s employed; here the tips of the arms arc 
brought together above the animal with (he almral surface outward 
(hig- and the animal than falls over and straightens out into the 

normal position. The more agile speeies usually right in less than a 
minute, often in 20 to 30 seconds, using the somersault method. Echi^ 
na.tfr nepontm and species of Astropteten rwjuiixj 2 to 3 minules, dafenaa 
forhe^ rights in 1 to 0 miiiutw, and Marth. glttrialu in 8 or 9 The 

»"■ -P* '■> ‘'-nploy thf luli,. nic-tl.od 
l ^ T he luPK,., heavy, a„d Ax,m^y Orratltr luxlo.ut, studied by 
Ob«h,ma, may riRh. m 2 to W minutvs, usually r..,uiring f> or 7 minutes 
It usually employs foldniR over or th,- tulip method as the po<litt are toii 
weak to pull ,h.. hvavy body ox^or, Sp^-rial methods arc LIS by 

■ hilUf T-TT' ’°T: by i.fflatinR 

silsii^ss 
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of arms will right if thdr shape permits. The short broad arms of 
Astropfcfen cannot right from mechanical difficulties but will do so if 
narrowed by slicing off their sides (Wolf). 

Most of the investigations on righting have been directed toward the 
(juestion of the nature of the stimulus that evokes righting. Upon this 
point there is much argumentation in the literature. Preyer (1886) 
claimed that s(*a stars .suspended in water would right and that therefore 
righting results liom a central impulse and does not depend on peripheral 
stimulation; and Jennings (1007) took much the same position. Moore 
(1910a, 1920) and itus.scll (1910) came to the conclusion that the positive 
Ktereotropjsm of the podia is the releasing factor for the reaction; the 
latter showed that righting does not occur unless the podia make contact 
with a sufticiontly solid object and is not attempted if the available 
objects arc too light. Mangold (1921) attributed the righting reaction 
to stimulation of the ahoral surface and claimcnJ that isolated arms or 
entire animaU dcpriv«l of their aboral wall would not right. This 
statement appears to be incorre<-t. as Wolf (1925), Fraenkel (1928), 
and Diebseblag (1938) all olwTved righting under such conditions, 
although often much delayed. Wolf was of the opinion that the weight 
of the viscera again.st the aboral wall sets off the righting reaction; but 
Fraenkel in a critical review of the whole tiuestion found that asteroids 
would right after complete removal of both the aboral wall and the 
digestive trft<'t, and this was verilied by Diebschlag. Fraenkel denied 
that animals suspencJtKl in sea water would right but found that they 
give the dorsal reflex regardless of their orientation in the water. He 
returned to the view attributing righting to the stcreotropism of the 
pudia and found that animals whose podia had Ikkmi removed would not 
attempt to right. But this is denied by Diebschlag, who states that 
asteroids will right following removal of the podia if the radial nerves 
are left intact. This author returned to the idea that the righting 
reflex is centrally originated; the animal is unable to move about or 
carry on any activities in the upside-down position, hence rights. As 
isolated arms can right, one must suppose that the central impulse can 
originate in the radial nerves as well as in the nerve ring- However, 
it is difficult to believe that the animal can be aware of its reversed 
position without some sort of information coming from peripheral 
structures, Positive stereolropism of the podia must be a potent factor 
in all asteroid activities- 

Very little information is available concerning response to chemical 
stimulation. Romanes and Ewart (1881) and Preyer (1880) indicate 
that the reaction to chemical stimulation is similar to the response to 
mechanical stimulation. If acid is dropped upon the podia, they 
retract, the groove closes locally, the contraction may spread to other 
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reactioD. A drop of acid placed on the tip of a ray evokes strorm cod- 
rac 1011 of the ray (Moore. 1920). Dropping a salt crystal near a sea 
star causes .^Ira.'l.on of the nearest p<xlia, closure of the grooves, and 
llig it au^y from the chemical (Mangold, l!K)Sa; Kalmus, 1929). The 
ability of -sea -stars to detect food giving olT juices is variously reported. 
Homane.s (l88o) nottsl that freshly caught sea stars gave little response 
to food, but that hungry a<iuarium specimens might be led about by a 
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piece of foexi held M'llh a forceps, 
nil hough unfortunately the dis- 
tance involved was not stated. 
IstihHofl arms were also seen to 
respond to food. Removal of the 
sensory podia at the arm tips ufls 
said not loafTcct IhefotKl re.sponso. 
Milligan (Ifllo) saw specimens of 
.Is/enas ru/x»/is move to dead fish 
at distances of 1 inches, (finches, 
and 2 feel, re.specllvely, (». Smith 
(MM(I) I'cported that Anferias vul* 
tjarh appearetJ to mo\T diiectly to 
fo<Ml 12 rn. away. re<|uiriijg 2dAys 
in which to reach it. It Is well 
known ihut sea .stars will accumu- 
late in lobster trap.s, feeding on 
the l)ai( therein, and presumably 
could not so aggregate without 
some perception at a dislunre of 
the presence of food. The Mac- 
(dnities (1949) also claim dislancc 
perception of food by asteroids. 
C*oi 1 1 jari w i so, sc* \* eia I observers 
have reported poor ability of 
asteroids to sense foofi. Pivycr 


food emanations; various specio* 
moved away from hits of fresh food or did not react when these 
were placed in close proximity, although food dropped upon nn 
ambulacral groove was earritni to the mouth and sucked out. Simi- 


larly, Kalmus (1929) noted (hat sea stars might wander Iowa id au 
area of crushed animal food but not in a definite fashion and often would 
move about aimlessly after gelling near the food area, (Jaltsoff and 
LoosaiiofT (1939) declared that Aslrrias forbe^i displays poor ability to 
detect food, ignoring pieces of oysters placed within 1 or 2 inches. Appar- 
ently asteroids recognize food mainly on contact. 
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Most asteroids are carnivorous and feed v'oraciously on almost any 
available slowly moving or se.^sile animal, chiefly mollusks and other 
echinoderiDs. also corpses. There are two genera! methods of dealing 
with animal prey. In one method praetieed by the Asteriidac and other 
asteroids with long flexible arms, the prey is held enclosed by tlie arm.s, the 
cardiac stomach is everted upon it, the more or le.ss digested contents are 
sucked into the dige&tivc tract of the asteroid, and the empty shell, test, 
or exoskeleton is left Whind. Kxaminatirm of the Momach contents of 
such asteroiil s t horef (ire usi la 1 1 y reveal s no rec( »gni zab I e rc niai n s. K i <*hel- 
baum (IDlOj examiiuni the stomachs of 85 A»trrios rubfns and found 
them empty and often evert wl. This species is known to feed on bivalves, 
gastropods, hermit crabs, which it can pull out of their shells, other 
crabs, fisherman’s bait, and sickly fish (Milligan, 111 1 5, lOlGa). .Uferm® 
forheii fwds primarily on bivalves, especially xoft-shelkHi clams (Mi/a) 
and oysters ((JalthofT and LiaksmofT, I93(h. and also attacks sickly fish. 
In eating fish these astcriids overt the stomach over as much of the fish aa 
possible and digest that, dropping the rest. .Many asternid.s. however, 
feed by tlic wH'ond methcKi, swallowing their prey whole, probably inairdy 
because their rays are too short and inflexible. It is clear that the 
Phnnerozonia in general could not fwxl by the first method, because of 
their broad stifT rays; the lack of snekors on the podia in several familie.s 
would also prevent them from maintaining the iu*ces«ar>' hold on bivalve 
shells. Pbanerc»zcjiMa, n evert heles>, aiv just as voracious as (he .\steri- 
|dae. /UfropccfcM species, said to have very distensible mmiths, gobble 
morcdlblc numbers of small animals. AsfrojX'c/rn irreouhris was found 
>y LIchelbaum (11M0) to eat mainly bivalves, snails, young asteroids, 
ophiuroids. and to a lesser extent copepods, crusUceans, 'and polychaetes. 
>ne speeimeii had 19 identiliablo bivalves in its stomach, besides numer- 
ous fragments of other bivalves. Ilamann (188oj records a .specimen of 
d. Quranriocus that had swallowed 10 scallops, C TelHna (bivalve), 6 
scaphopods, and several .snails. Species of Luidia eat mainly other 
^chinoderms. espeeially ophluroids. all of which arc ingested' whole; 
one specimen of Luidia sar^i contained 2G entire ophiuroids, 5 small 
heart urchins, and numerous fragments of other echinoderms* another 
eontained 53 ophluroids, I heart urchin, and >'eiy numerous fragments of 
asteroids and ophiiirolds: and still another yielded 73 small ophiuroids 
^lus numerous fragments fEirhelbaum, 1910). Cresmfer papposus and 
^^laatcr endeca arc examples of other sea stars that eat mo.stlv other 
^himiderma especially asteroids (Hull. 1034). Ameropoda placenta 
^ wonders how (here is room inside for food 

crustaceans, as amphipods, 

ther echmoderms (Mortensen, 1927). Of interest is the food of a 




forn\ from <lo<*p<‘V waters, Psifanfer amfrometh, l>eIoiigiiig to the Astro* 
peotiuiUae. (Iix'dgtxl up from 210 m. lEirhelhaum. 1 010). This was 
found to have eaten mainly bivalves, one specimen eontainiiig 24 of them; 
further, otlier echiiuKlerms, diatoms, and foramiuiferaus. It is to be 
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understood that when prey is ingested whole, the Meshy parts are digest 
by the sea star, and the empty ^h<•lIs. tests, exoskeletons, and so on, are 
then ejected through the mouth. Fisher (!928i records that nPycnopotito 
hclianthoides that ha<l swallowed whole some lan?e purple urcdiins 
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out the empty tests 24 to 3C hours Utcr. However, A. H- Clark (1034) 
found a specimen of Luidia chtkrata that had swallowed a keyhole urchin 
{Mellita) and had seemingly ditnl thereof; the flo>h of the urchin had been 
completely digested hut the test ap|)oare<l Uxt large to pass the mouth 
frame. Whereas most asteroids eat a variety of foods, some are aUdieted 
to particular items. Cewinastcrias cchmana, a common asteriid of the 
Indo-Pacific, is said hy Young (UfiOi to primarily on hra<*hiopods, 
opening them in the .same manner as bivalves are openwl by other 
Asteriid ae. The .spiny star Araftthaalt r p/o«ri eats eoral pol.vjis, crawling 
over the reefs and leaving a trail of enjpfy cups in its wake ( Mort ensen, 
1931). The food of the Plerasli'iidae i> not known ulth certainty. 
Roden house and (Uibcrlet iltMOj found that Pt4ro»<ter Usavlatufi in Puget 
Sound would not cat any of the mollusk uikI enist a ceau f<M)ds favored by 
most Kca .starts but seemed to exist (»ri spoil ges and anemones. 


As bivalves are a pn*ferriHi fiHMl item of asteriid^ that feed by everting 
the stomach into the prey, the ipjestion at oiiee arises bow they suececd 
m making the bivalves open. Hi valves cIoh* their valves lightly together 
at any disturbance or imljcation of danger and are f^rovuhsl with a 
powerful adductor muscle for k(H*piug the valves closed. I low the 
asteriid succee<ls in causing the In valve to was investigated hy 

>>chicmciiz (IHOO). '('he sea star grasps the bivalve with its podia and 
hrings it toward the mouth, humping ilxOf over the prey and ininching 
the Imsal parts of Its arms around it while the distal jmrts of the arms 
tnaiutain a firm hold on the substrate. It then manipulates the bivalve 
until the shell edges of the latter are brought in contact with the mouth 
nnci proceeds to pull upon the two valves l»y meatis of the firmly Attached 
suckers of the pcxlia. Uy inean.s of attachdl weights Schierneuz deter- 
mined that a sea star would let go of its prey under a pull of I.^oO g,, 
wlicreas a hi\ulve such us IVnw*. whii'h has heavy valves, would Ix'gin 
<ipen in 5 to 25 minutes under a pull of only g., and Its adductor 
muscle would rupture in s<'veral hours or less under a continuous pull of 
HlOO to 20()0 g. Schiemeiiz therefore coiirludcMl that the pull of the sea 
star s podia is more than ample to open a bivalve in the course of lime 
su fhe i en 1 ly to per mi t I he st oma<*h t o work i t sel f I n t o 1 he in t erior, ( )y sters 
arc a favorite food of asterlhls. so much so that the latter are con.«idcred a 
menace to the oyster industry, hut a.s oy.Hi<‘rs Iivt‘ permanently attached 
)y one valve, it would seem difficudt for the .sea star to lake the attitude 
necessary for obtaining a purcha.se on the valves. Schiomenz admits 
uit sea star.s can attac'k only oysters of small or moderate size and do 
«> >y Inking a somewhat sidewise position. Tiic results of Schiemerij; 

acccptc-d ami (juoted until they wei*© questioned by Reese 
• ^'ho showed that bi^'alves can resist a far greater pull than staled 
y ' chiptnciiz. Reese* found that a pull of at loa.v-t 10.000 g. is required 
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to rupture the adductor muscle and that bivalves may withstand a pull of 
1500 g. for 5 to 9 days. These findings bring us back to an old queslion, 
whether astcriids secrete some sort of toxin that paralyzes the prey. 
That such is the ea.«e was claiimxl by some early workers, but denied by 
Sehjemeiiz. who stutcnl that I and other mollusks removed from the 
grasp of astcriid.s wore iindumageil. However, toxic effects of the 
stomach secretion of Anfiria$ fotbrsi were report <*d bv Van der Heyde 
(I022j, and Sawano and MilMigi (1932) olUained a toxic action on the 
oyster heart from gronnd-up st<imach of three out of five Japanese .species 
of asteroids. The whole qm‘>lion of (he opening of bivalves by sca 
stars must lie regardwl as still unsettled. It should perhaps be men* 
tioned that line photographs of a sea star o]H*ning a Mi/tHus were pub- 
lislicd anonymously in Komuos (Stuttgart) for 1939; the entire process of 
opetiltig the inuss<*l and dige.«.tjng out the contents reejuired 10 hours. 

fn view of tlu* general carnivorous and piydatory ha hi Is of asteroids, 
it is surprising to hn<l that xnne asteroids feed by the mncus-ciliary 
metluKl. (ieinmill (IDloj. inveslignlitig ciliary eurrents in asteroids, 
notieinl that in Porauia pu/rifiuH all the ciliary currents of the oral surface 
converge to the mouth and that added pariieles, us carmine, become 
entangled in tnuroiis strands and are carried into the digestive tract, 
(Ic fnrtlier fomul that specimens of /^orauio would live indefinitely and 
maintain their weight in jars of running m‘u water containing microscopic 
loud, whereas tincler the same comlltions the carnivorous .Is/rc/os 
steadily lost weigh! and dicxl after 8 wi*eks. The very sluggish mud star 
CtctitHfiHruH rriitpafu.'i fiT<is primarily on mukI. which is carried along Uw 
grooves that extend bet w mi the marginal plates from the a bora) surface 
to the ambulacra I grooves, (osleii il924) states that inud particles 
stuck together with mucus are carriwl ulniig these grooves to the podia 
and so into the mouth; carmine particles sprinkUxI on tlie aboral surface 
are eventually found in (he digestive trad. Wfien a sjiccimen washed 
clean of mud was laid down on a natural mud bottom it plougiwd halfway 
down into the mud, and when pickixl up again, the grooves were found 
III led with mud glued intostriiig.< by mucus, mud stuck together by mucus 
was present around the pmlia. and (he mouth was covered by a veil of 
mucus leading into the stomach. (iWcn is of (he opinion that the 
cribriform organs of fVcaerfiVii? (page 2.'>3) .<erve primarily to sieve out 
coarser particles. Both (lemmill and (iisk*n siisfa'ct that some mucus- 
ciliary fmiing may occur in other sj)ecies as an adjunct to the taking of 
larger prey. 

The secretion of mucus must l>e reganle<l a.s playing an important rolo 
in the biology of aste^oicl^. Mucus prelects the surface and serves to 
collect small particles which may then Ik? M'cpt by ciliary currents off 
the animal or into the digotive tract as the ease may 1 h?. K.\ces^(vc 
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secr^vion of mucus was noted in Plerastfr tcMflalus by Rodenbouso and 
Guberlet (1946), who found that freshly dredged specimens were always 
covered with a thick layer of mucus; aquarium ^ecimens lacked this 
nmcous coat but wouUI >ecreto mm us when handled. 

Tempera lu IT and salinity an* f:n ci»r> that vontrilnito to the distri- 
bution of shallow- water asteroids in nature. The ilislribution of 
vulgaris and forbasi on the north .Vtlanljc C'oaM of North America is 
probably controlled by temperature. .1. lulgaris o<Tur.< from Labrador 
to Capo (‘od in inshore waters and kilh*il by temperutun's nnich above 
25V.. so that in Mimmer lait^e ]io|)uhitioiis tiuiy be wipt*d out by tempera- 
tuiT rise.s (Huntsman and Sparks, IbJI; ti. Snjith, UHOl. .t. forbeni, 
found from Maine to the <bilf of Mevico, will endure temperatures to 
33.")®(\. and thU nc» doubt explains its greater range .southward. Low 
salinity may also act a'« a limiting factor in asteroid cli.siriltulion. The 
surface of usierouls appears peinienble to water (MahH'uf, 11)37), 

so that any deeliia* in evternal .salinity results in w ater intake an<l swelling, 
evenluuliiig in <]eath if earrii'ii toasulheient extiMtt. Jn their study of a 
Inaekish estuary on the ecuist (»f Maine, Topping atid Ftdier [1!)I2) 
found that .1. vuffjari,'< nnnaituil at the mouth anil wnuhl not useend into 
the hraekish water; aeeording to < r. .^mitli ilblOi this speeies will not 
einluie Ic.ss than II parts stdinitv ]H‘T ihous:ind, and low* salinities in 
winter may ileii nde entile areas of this -ea star. ,1. /wrf/m is somewhat 
m<>i‘(^>H>nsitive to lowenxl sjilinily and will not live indefinitely in salinities 
hclow 1H parts jkt thmiNind (a little mon* lliaii half of normal salinity); 
this speeie.s will enter bays and estuaries liul sleeps lM*fore reachirig very 
hruckish water, and entin* ]Hi]iulutions may Ire wiped out by sudden 
influxes of fresh vvatiT (l.<K»sanotT. 11>45). fr<»m which they are uimhle 1o 
retreat in time bnaUM* <»t their slow l(M*<MUotion. Above the limiting 
nmeeiilration, salinity is of little iiiiportunee and largo nuinhers of A. 
foHjrsi are found on the New Kiigland eoasi in a salinity range of IS to 
32 parts per thousniul. A wide uduplability lo suit eontent is shown by 
l«/criax rubenx on north Huro|H*aii eousis; this sjK'eies rangess from the 
Nortli Sea with a salinity of 30 to 3.3 parts |H»r thousand into the Hay of 
Kiel whi'i'e the .silinity i-s 17 parts jx'r tlion.sand ami into very brackish 
parts of the liallie down lo salinities of 8 parts per thousand (Meyer, 
11)3.3: Hock and S<*hliej)er, I1)33 j. In the brackish waters of the Baltii , 
the nnima)« take on a phjmj) apimirjiiKx*, resulting from water intake, 
and are dw arfcsl in size. They are said not lo reproduce sexually in the 
more brackish parts of their range. 

3 arious tests have Imtii made of the learning capacity of asteroids. 
Preyer (1837; marveled at the abilily of sea stars lo extricate themselves 
from variou.s fetter.s and fastejiings and slated that they freed themselves 
move readily after reiH*ated trials. Ven (I922t jici formed similar 
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expenmeiits on .-tstenas rubens and reached the same conclusion. Jen- 
nings (1907), having obser\-ed that .Utromelia sertulifcra shows a very 
strong tendency to right by turning on rays C and D, adjacent to the 
madreporite. and lurely uses the opposite rays A and B, set out to train 
this species to right on rays A and H by preventing it from righting 
otherwise. .After a large niimlrer of "lesson.s” of this sort, the animal 
would right on rays .A and |{ and might retain the results of the training 
for a few days, up to live, without any lessons in the interval. Diebschlag 
(in-38) tested the ability of AHlroprrlen bispinosut and apinviosiit to form 
associations. This author belongs to the same Marburg school that 
sliulied formnlioii of associations in Protozoa (I, page 181) and in 
Hirhellaria (II, page 219) and followed the same experimental procedure. 
The experiments consisted in training Astropfcifn to draw back from a 
lioutulary lictwecn two contrasting conditions by punishing the arm that 
had advanced over the boundary between (he two conditions by pressing 
against it a l.nKery of asieriid pedieellariae fastenerl to a needle. The 
constrasting conditions used were rough and smesuh bottom, rihbcci 
and plain glass, and liglil and .lark- .After a number of punishments 
im* /tnitniil would in .some rus<*s dr»\v lwc*k from I ho boundary wilhoul 
puiiiKhmoni, uIMioukK \\w ofr<vi8 of snv\\ trajhing: woro vovy i*van(wnt. 
Suoofsss of tljj.«< M)H was aftainnl in tonohinjc llio ajumni to romalii on flic 
smooth >urfnr<* h, oonini.M to vtHtnU or rildM^I, Imt not the* rov(w:nlso 
with dark aiul li^ht in oilhor diroclion. uslufc animals proved in advance 
to he iiKlihcrviit to liKht. The availaldc information timl 

antoroids sonu* I oa riling uhility, 

25. Physiology. The* IkhK* Mirt’ac-c of SHlvroitls, oh in criiioids. 
crdiinonU. and ophiuroicU, is nliat<Hi i probably ivally MuKvIiattHl), ami 
studies on the <ii region the eurrtnits have been made hy ('rcmmili 
lU>loa) and (liskbi lliLMi for a numlior of asteroid .species and hy 
Hud i net on (n»42) for Affffrios forbcfsi. J)otajls differ in different .species ^ 
hut some lioner.alit ics emergr. On the hcnly appendages papulae, 
pedicel la line, and spines the current runs from base to tip, serving to 
carry away small particles. On the a bora 1 surface the general flow ia 
Usual ly outward and on the arms from the center to the e<iges, thus also 
acting to deport debris. In some species, however, the aboral eurients 
flow toward the aims, where the particles they earrv are ejected with the 
feces. Other species, especially the .Weriidae. aiv so beset with append* 
age.s that the maintenance of .definite ciirients on the a Inna I surface is 
impractical. The madreporite is kept clean hy currents from its center 
to its margin. On the oral .surface, the eunenfs also generally run 
outward, serving the same cleansing purpose, hut in the ambulacr*'!! 
groox-es and oi 1 1 h e perist ome ge n eral ly rn 1 1 1 o wa rd t li e m ou I h . H o wex' er. 
the currents in the am hula eral gror>\*e.< are ver>* xx*eak or wanting in 
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species that do not inge;>t small particles and in such case may even run 
in the opposite direction, centrifugally. The currents are naturally 
othenviae than the foregoing in cilia rj'-mucrHjs feeders, or, as Clisl(?n 
terms them, detritus catch er.«. Here the currents In general tend toward 
the ambulacral grooves and thence to the mouth as dev'ribed above 
(page 372). The direction of the currents is obviously related to their 
function, whether clean.-ing or f<Mxl-eatehiug; very likely the cu rrenls 
al$o have some respiratory valuc. 

The physiology of the surfa«*e appendages has lieen much less studied 
in asteroids than In echinoids. 'Hie jiapuluc collaps<* to Jnechanical 
stimulation (Jennings. also in sonn* .species to sudden I Duini nation, 

sudden shadow, or botli ((owles. HUI; MacC'urdy, 1013: J. Smith, 
1945), The last author has shown that thi.s reaction is pn'venled above 
a short lateral cut parallel to the long axis of the arm; the n'traction of 
the paptilae is therefore a reflex iraiismittfHl through transverse imtliways 
in the eet one oral nerve net to the motor neurones in the marginal nerve 
^'ord (page 272 1 and back along motor as ones to the jnnscle layer in the 
'vnll of the papulae. Any cut fK'tucHm the stimulatccl ajva and the 
marginal nerve cord piwents the Iniiisiiiisslon of the stimulation. A 
respiratory value of the papulae is indicaleil by their Interior < urrciit.s, 


passing to the lip along the fKTiphery an<l Imck down the <'<*ntei . according 
to Uiidingtcm (H)I2). up one side and down the other, according to 
Jennings {1907). 

Only Jennings (ltK)7) lias studied the Ixdiavjor of asteroid pcdicel- 
lariae, employing u iy|n* of sea .star t.lsfrainr/i's provided with 

thick r<>s<>tteH of pedicdlariae around the spines as well as with 
i«igc sciliiary pedicellariae. Jennings iinlieates that Ibe main fniicljons 

the indicellariae an» protect iem of the papulae and the capt m'C‘ of 
^»‘ab animals. Tpon clisturl>ahce of the surface as by some .small 
luiJtnal crawling over it, the papulae n*tract, the rowttes of the stimulated 

lu'cu creel thcinM'Ivc's alM)ve the spine ti|>s, the jaws of the pedicellaviue 
npeii And ehase upon any projt'cling parts of the intruder, and the latter 
w t he n h c I cl i m mol )i Ic* a nc I e vei 1 1 u u 1 1 jja.ssed t o t he m uu t h '1* f le en*c (ion 
'>f tin* rosette usually rc*.sulM only after re|>eat«l merlmuical stimulation, 
’t 11(1 typically additional stimulation is necessary to elicit the opening of 
the jaws. The spines carrying the rosettes a Iwi Ik'ikI toward a stimulated 
area, and the rowttes may curve down or reach out to a stimulated 
H>oi. A general disturbance of the entire animal results in the waving 
a>c)ul of the rosettes and the repeated .snapping of the ijedicellariae. 

• echanical stimulation of the outer .surface of the jaws appears the 
;'au.sc of If, dp opening, and their closure results fnm a touch on their 
llmc^r surface. ()nc'e closi-d on an object, the |>odicellariae remain closed 
<» a long period: .small erustac-eans were held for 48 hours or more. 
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Pulling on the pwllccllariao causes (bem to grip more tightly, but they 
will also hold for long pori<Mis onto lifeless objects. A pedicellaria 
closed on an object will not open to the usual stimuli. The strength of 
the hold is considerable, for a sea star may lie lifted out of water by the 
pedicel lariae closed on the hairs of the hand. Very weak chemicals may 
evoke erection of the rosettes and op<*ning of the jaws, but most chemicals 
ciiu.se shrinkage and withdrawal <»f n)seUes and papulae. Animal juice 
evokes a positive response and may faejlitale subsequent response of the 
rosettes to tnechanieol stimulation. The large solitary straight pcdiceU 
lariae appeared somewhat mni'sponsive and variable in their behavior. 
They might o|H*n to re|K*xitiil touch or then close and remain closed 
(les])ite repc^ated stimulation: onct» cIos<h 1 on an object they might hold 
on for long pericKls. The reactions of jH»s<*t(es and pedicelluriae appear 
mediated through the eetcmeural nerve net. as these structures show the 
typical behavior on isolateil pieces of lusiy wall. The pedicellariao arc 
non poisonous, as small animals that esc'ajx* from them appear normal. 

The reactions of the pc Him were* alirady considered to some extent. 
I^ocaliml contraction can wcur in either intact or isolated podia, and 
light Kliinulation applied to the side of a pcKliunj may elicit hencihig to 
(he stimulated hut in general various (y|)es of .siiriiulation cau»o 

contrac'tlon of tlie pwlia. Isolatwl p<Klla may show some extension and 
c'xecute varied movements (Mangold. WtORn: l^line. n)2fl) but in general 
renuiin hi n contracted state, although rise in femj)eruture may bring 
ab ou i e I Cl r I ga t i on . p< h I ia a re pro v id c*d w i t b I on gi l ml i n a I m us< des oi 1 1 y . 

it is evident that they arc* indppcmderifly c-niwhle only of eon tract ion, 
prc'sumnhly by way of nervous arc*s fricdudod within thom.scives. Heinx* 
at Ion of tin* longitudinal musedes would result in some elongation, hxii 
true extension of the pcMlia eannot be obtained by cliix'c't stimulation, 
only by way of nervous ares invedving the aminillue. Kxplariafion of 
the mechanism of podiul IcMMunotion has been clefcnred to ihi.s point 
because the meebanisrn ha.s Immui best studied in asteroids, notably hy 
.f. E. Smith (11)43. U)4t), MioOi. The same mechanism operates in other 
echiriodenns in which the pcxlla serve primarily a IcK’ornotory function, 
that is holollundans and echinoids, although the nervous eoiinections 
have not boon worked out. Ampnllao, as irpc*ateclly notcHl. are heavily 
musc'ularized (Tig. 160). Extension of the podia is brought about, 
probably' exclusively, by contraction of their ampullae*, forcing fluid into 
the podia. C'onlraction of (he podium by its own mu.<cula(«re cause? 
the fluid to run back into its ampulla. This l>eliavior can Ik* I'eadil.v 
witnessed ou an isolated preparation of a podium with it.< ampulla 
attached intact (Mangold. IPOSai. Stimulation of the anipcilln can^*^^' 
it to contract and dischai^e its fluid into the pcHJium. which ihereiipeu 
extends, and stimulation of the podium evt»k<*-< its contraction and the 
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fluid runs back into the ampulla, which thereupon expands again. The 
extension of a podium cannot be brought about diroctlj'. As shown by 
Smith, this mechanism opemte.s by means of motor neurones located 
in the neck of the ampulla (Fig. lOM and sending fibers into its inuscu> 
lature. These motor neurones also make connections with Lange’s 
nerv'os (page 272) and so with the radial nerves. 

It was first pointed out by Jennings Uf*t)7i and verified by Kerkut 
(1953a> that the podin do not pull tfie s<*a star along (except when It is 



Kta. mo.— Ani|MjnQr«trurlur«>. A. orhciiic of ampulla and aila^hcd ixMjiutn of Aatffuj9 
airiiiulla liae muHrle hWrH and |*<Mligin miiK ju a >uc ker. fS. of 

Afnr>ullH and uUarhr<] potliurn «>f Atiroperlm oiMpullo ih blfurnitod and hoa 

^‘royltr i)o<ligin Jacka MK'kor. tifler J. E. .Smith . 1947.] Smaller fiWra 

V nxMl nnfilca lo mufide Sljera re|»r*«mt c<mnerl»ve*llMue atrand<t. 1 . ampulla; 2 , amlm* 
“crul Qsairlp; 3. andmlncrai i*grc; 4. ptnimm: S. •tucker: 0, radial nerve cord: 7, hyponoura^ 
oinal; 8, neck of ompulla. 


climbing vertical surface.s), but their art ion is rather that of stepping, 
bringing the aninml forward by a backward push. The details of the 
stepping p roec'.ss ha ve lK*en repea t od ly <lesc l i Ixfd ( J en n i n gs , ) U07 ; 
llumiltoii, ll)21j. The p<xliiim extends forward (** points”} in the 
direction of advance and applies the sucker to the su Us datum; the 
< enter of the .sucker is puIUhI Iwck, producing a vacuum cup; the podium 
then Hwing.^ l>ack. bringing the animal forward, and gradually contracts, 
mally releasing its hold on the substratum and extending forward again. 

ami I ton showed that in a sea star placed on its back stepping can be 
fnaiced by laying thin pieces of celluloid on the suckei-s; stepping 
promptly ensues and the eelluold squares are walked” backward. 
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roi‘larl of the suckers with the surface him protlurcs the same reaction, 
III pro^icssiiig sea star all the pixlia act in coordination, extending In 
iho same direction although not simultaneously; such coordinal Ion 
necessitates the integrity of the radial nerves and nerve ring. 

The presence of a vacuum cup In the center of the surkers can readily 
l)e seen In suckers attached to glass, and the inuard pull producing the 
(Hip is caused )>y contnirtion of the longitudinal muscle fibers immediately 
liencath the sucker (Fig. lOli.l ): Init as no nuis<*le hhers extend into the 
su' kcr, ir woukl S4*em us if this pull must l>e transmitted to the sucker by 
way of ihc <•<) mice live- tissue spray (Fig. 107.1 ). The suckers of detached 
poiliu mostly remain contracU‘<l. may show some movementa in response 
to direct slimulutioii. and may stick briefly to a rod, but in general arc 
umifile to attach (Paine, iiVJii). Thos4* torn off and left attached in 
pulling olT an attachiHl sea star remain fastened for a short time, up to 
1o minutes, and then fall olT i Paine, 1929). It was shown by Paine 
(11)20) that vacuum action alone d<x*s not explain the adhesive force of 
the siK'kers. Sfic found that the pull of one p(HJium of AsierioK forhesi 
may aiuuimr io u.h much as 29.4 g,. thus excce<llng atmospheric pressure, 
aii<i denuHislrateil that adhesive secretion accounts for about 44 percent 
of the attachment ft»rcc of the suckers. Preyer {188(d also estimated 
(he f>nll of one pcHlinin to eijual 2o g. In a hi.stologh'ul study of the 
sin kers of an asteroid, an cK'lilnonl. and a holothurlan, J. F. Sinilh 
(1937) rejmrted that the surfact»of attachment of the first two is simply 
luailed with long gland c^ells prcsluclng a sticky secretion but was loss 
successful in demonstrating this in the holofhurian. .-Vccordliig to 
Piiine, the sticky secretion is practically inexhaustible. 

Xunicrous oWrvnlions attest that coordinated actions of the podia 
depend on the integrity of the radial nerves and nerve ring. In the 
normal animal all the podia act in concert, that is. all step when the 
animal Is progressing, even those not In a position to be elTective, as m 
the case of an arm against the water film, Similarly in digging specimens 
of .Is/repcr/cn aurnneiatus or Anscropoda plarettfa, ad the podiu engage* 
in digging movements, including those on an arm that has not yet conic 
m contact with the substratum (Mangold. liiOSa. 1908b). This cooidi- 
nation Is destroywl in ujiy arm that is ncrvtmsly isolated by cutting 
through the radial nerve at the arm base or through the none ring at the 
interradli adjacent to the arm base. Such an arm may step or dig l>u* 
not in harmony with the other arms: it may dig when the other four 
arms are <iuiescen( or may fail to dig when the others are so engaged 
Detached arms live for a few days ami ran right and step, although 
stepping is slowed and less precise than normal. However, such detached 
arms alwajs move with the proximal end forward (Hopkins, 1920: 
Dichschlag, 1038: J- E. Smith. 1945); but an arm with the disk attached 
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Hu. lUI,- Sclsvth^ of nrummuM’ular ronnfvlU»n» in croio ««<'liun of tn arm of ealoriid 
(a/Irr J, SmiM. 1 94 Or. Dicixoiiullv' ha1rlie<l slrwlure^ •ro inuM'lo*; Irlui'k nouroitc* nrc 
MHiior, while iieuronc't an<| aiviciative. 1, irupulH: 2. muscle of pupulu: 3, rnolor 

ftcrvi* 10 papula ;•!. <K«Mi'le of hody wall: 0- jnHiun aWal niuacle alrind: G, moior nerve to 6: 
N trcdu'ellunii: 8, fio<J\«waU (nu»riilalu>e: 9. molor nerve lo 6 from marginal nerve cord; 
» iiiarKirial nctve cord: 1 1. adnnil.ulrural •.jrine: 12. ampulla: 13, murn le lajec of ampulla; 
I*, motor nerve to umpulla muiele fnrm irerk of ampulla: J3, ambulacra! oa-dcle: Ifi, 
adumlridncrul o»tu le; 17. up|«r Iranivei.^e iiileraiiilHilavrul iou>u’ie»; 18. lower ( ran n verse 
intcrumlnilacrul tuuwle: 19. lateral iran^verHe omlMitarral mu»ele: 29, motor tieuroiica of 
Lant(CM nerve: 21. louailudinal niuxt le la>ef of ]>'Kligiii; 22, radial nerve cord wjlh iiipnMiry 
niKl u^.•H lulnm neurories; 23, motor center in neck of ampulla; 24. muaole for aduinirulaerol 
'pnie: 2,>, «chaor\ area over marKmnl nerve. 


"ill movo ill the* normal way with iu lip forward until its radial nerve is 
si‘\'erc*d at arm Inise. Nvhoi‘eu|)oM tlio arm reverses and jmshes tlic disk 
forward. Thus the norma! arm movement with the tip forward depends 
on the presonce of at least a part of the ner\'c ring. Any arm or arms 
nervously isolattHl hy fulriiiR lliniiigh the radial nerve at the arm ba.se or 
I no nor VP nne al the interrailii are unable to rooperate with the other 


/'/y YU M tCCHiXODKHMA TA 


:i8() 

ainis and in fanvaj'd locomotion are draftgc<l abon( by those arms thal 
retain tlic most c oniiection hy way of the nerve ring and that theieforc 
take ihe lead. If the nerve ring is exit through al all five Interradii, the 
animal is unable to progress at all. Smith i.s of the opinion that a nervous 
center exists at the junction of t»ach radial nerve with the nerve ring 
and that in forwaitl |>rogre.‘<sion the nerve center at the ha.se of the leading 
arm has temporary dominance over the cither four .and thus eause.s the 
other four arms to step in harmony witlt llte leading arm. Kerkut 
(ItK'iSii) in genera] confirms the findings of prtnious workers that coo id i- 
nation of the (XMlia in locomotion is a<*hieved by way of the radial ncrvc.s 
and nerve ring and agr<*es with Smith on the presoneo of a center at the 
jin Hi ion of each radial nerve with tlie nerve ring: but also considers that 
iniisclc tension.^ transmittiHl directly play a role in coimlinutcd loco* 
motion, stating without full explanation that a eut-n(T arm can lie sewa 
onto a sea star and made to ste]> with the others. This appears contrar)* 
to numerous statements in the literutuiv that nervously isolateci uria^ 
do not cooperate with the others. That the impulses entering the 
leading arm are stronger than thos(‘ entering the subottJinaled arniH can 
lie shown by cutting off arms during forward progie.s.*<ir>n, The def ached 
leading arm will continue to cihh^p willi the tip forward for 2 or 3 ininutci^ 
before reversing and moving with the base forward (as usual in detached 
arms), whereas detached non leading anus merely halt or give hut a 
slight forward movement tiefoiv iv versing (Dieh-schlag, 1038). 

It is evident thal the central nervous system, that is. the nerve ring 
and ru<linl nerves, plays a inueli gi’eater role in the activities of a.^tcroid^ 
than seems to be the case with echinoid.s and holothurians and that in 
asteroid.s the surface nerve net is of minor importance, serving chiefly the 
activities of papulae and ix*dicellarine. Apparently transmission in the 
nerve net chtui's mainly in a direction transverse to the arms, and 
impulses will not Ik* transmit {e<i around cuts parallel to the arm axi^ 
As already mentioned, Smith (1037) found that the nerve net is poorl.v 
developed o\cr much of the l>cKly. 

As the am hula era I system oiH*rates h3* means of hydraulic prc.ssni'C. 
it obviously must Im* kept filled with fluid. It is usually believed that 
any water losses through the p^alia or ampullae ore made good by flni<l 
intake through the mad repo rile, although there does not seem to lx* an.'' 
experimental proof of this a.s.sumption. IhobahK* such water loss is 
very slight. Ludwig U8U0) and Bmlirigtcm (11)42) ol>Aervod a dchiiib' 
inwaid current in the stone canal. Delage (l!)02a. n)02bi extirpated 
the madreporite, leaving in its place a permanent hole, and saw no effect 
upon the activities of the podia. Xo repmeration of the madreporite 
occurred within several months, although other authors state that the 
madreporite will regenerate. 
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The colors of asteroids are mostly of the nature of carotenoids, which 
arc fat-soluble, tioti -nitrogenous substances responsible for most of the 
rod. orange, and yellow colors in ihc animal kingdom; when united with 
proteins they also pr«Mluco blue, green, viulet. and purple colors. They 
con.^ist of a long hydrocarl ton chain with a l»enzene-rliig complex at each 
end; thase that con Inin no oxygen atoms are termi*<l carotenes, and those 
with oxygen atoms arc ealhnl xanthophylb if nonachljc or carol cnoid 
acids when acidic in nature ih'ox. In asioroids carotenoids occur 

as spherules in the epidermal <*ells; rhrmnalophnres ajipear generally 
wanting In the c)as.s. In additimi lo a nurnlxT of older >tndics, carote- 
noids of w'a stars have Itoen inve>ligaicHl by Alndoos (Id^dl, l.oniibcrg 
111131. lU31u, 1113 llu. Lonnf>crg and llellstKnn (Ib3l). Kuler and Hell- 
slrdm (IP3H, Kox ami Sche<*r UlMh, Vevers and 1)<* N’icuda 

and (lO^KhvIn lllloh. and the whole sulijei't of animal colors is treated in 
a r<‘rcnt book by Vox ilb.>3i, when* odillllonal rcfejences will 1 m‘ found, 
( urotcinmls protlu^ c the red and orange eoli»rs cutninon in u.sicroids, and 
when combiiHsl wiib proleins. also give riM* to blue. gn*en, and jairple 
hues. Kcjx ami Seinin'. Mndying some ('nlifornia s|n*ci<*K (hat (»ceur in 
pronoun cod eolor variants, as Pfi/tn'it miitiafo ami I^i/toulcr wr//r/jcca^, 
Iniiiid ijuantitative difTenoiee.'^ in the carotenoids correlat<*(l with Ihc 
color vnrintion.s. Alsd<Mis shosvni that the violet lone tif some speritnens 
of the n.sually red Axtma.'i rufMos rt-'-ulls fniin a haiM* combination of 
curoteiioid wilfi protein, and Vevers found ihnt (he brownish tint also 
><een in this sp<‘cies similarly dr]MMids on a pvolein combination of its 
inniii carotenoid, \hv carotene aslaxaiilliin. IN>r|iliyrins. nOulcd to 
hucrnoglobiti. also rs'cnr in .1. ridwas and otliev brown asteroids. The 
green I. hIi color of the jjylorie cat*<*a and the orange ami pink tints of 
aslenml ovarh's are all ribu table t<» l•arotenoids. Several untliurs Inivo 
remarked on a general similarity <d the carotenoids of asteroids to thase 
of decnpcKi crnstuei*aiis. 

The sterols, or higher nnsaponihahle fats, of asteroids Imvu been 
^<tndie(l by lh*rginann <1937), IV'tginanii and Slansbury (If) 13, 11)44), 
and olherM, and the mailer of whitnHirrm sterols has l)een given a general 
<li.scMssion by Ih'igmann (IIMbi, wheix* other ix'ferenees will Ik* found, 
I he sterols of asteroids clitTcr from cholesterol, the most eomtnon animal 
'*lcrol, and an* ealhxl by the general name of stellasterols (big. IC2), 
whieh i nr hide several relatcxl compounds. Stellasterols also occur in 
holutlnirians. but not in eehinoids. which conlain chole.‘?tcrol. Hatyl 
alcohol (pag<* 219) is also coinnum to asteroids and holothurians hut is 
apparently wunliiig in eehixiohls. 

Available data on the chemical lomp^wition of asteroids appear in the 
eoinprchonsive volume by Vinogradov (19.33). Figun*s on the water 
content rang** from G7 to 81 per mil. The skeleton is composed of 71 
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to 91 per cent of calcium carbonate, 8 to 14 per cent of magnesium carbon- 
ate, and small amounts of calcium phosphate and sulphate, as well as 
salts of aluminum, iron, and sulphur. Traces of many other elements 
arc also present, as strontium, barium, copper, zinc, manganese, cobalt, 
nickel, and copper. 

The papulae constitute the usual respiratory provision of asteroids but 
cannot be of supreme importance as they are few in number in many 
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Phancrozonia and wanting in some cases. In the Porcellanastcridac. 
which mostly lock papulae, their place is pi'esumubly taken by the 
cribriform organs, assumed in the want of other evidence to have a 
respirntory function, as water currents pa.ss !>olween (heir lamellae. 
Possibly , however, they also serve os detritus catchers by (he mucus- 
ciliary methotl. as is ktmwn to Im? I he case in Cknodiscus (pagc‘ 372). The 
other family in which papulae are few or wanting, the Hrisingidae, ha* 

I u mu' rot 18 long and slender arms which would furnish plenty of surf arc 
for respiration by diffusion. The papulae are kept fully extended when 
the animal is utulisturl>ed but, as already related, contract to any dis- 
turbance or to various stimuli. special respiratory rncchaiusm is seen 
in (ho family Ptcrastcridae provide<l with a lospiratory and nidamentsl 
chamber b<> tween the a bora I surface and the supradorsal membrane 
.supported on the crowns of (he paxlllae. This chamber is rhythmically 
inflated and deflated by intake and outgo of water. The water enters 
through the contractile apertures in the supradorsal membrane, called 
spiracles, and also through a row of openings along each side of each ray 
adjacent to the adambulacral plates; and exits partly through the spiracles 
hut chiefly through the large central oi>cning or osctjlum in the supra- 
dorsal membrane. The papulae are found in the floor of the nidamcntal 
chamber and are said by Roden house and (iulH*rlet (1940) to expand 
with each inflation and retract with each deflation. These authors 
observed Ptcraster te8$clai»8 and found (hat when undisturbed this animal 
inflates about four times per minute and ejects about Go cc. of water with 
each deflation. Any debris brought in with the respiratory current may 
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be collected in mucus and expelled at the osculum by a vigorous deflation. 
Disturbance may evoke deeper and often convulsive inflations. 

The main studies on actual oxygen intake of asteroids are those of 
Meyer (1935) on .4. rubent and .Malocuf (1037) on A, forhcsi. The 
former ascrilKjd great respiratory importance to the pcKlia and imported 
a decline in oxygen consumption if they are covered with some sort of 
adhesive, ranging from a 10 per cent decline if one groove is eovcied to a 
00 per cent decline with all five covered. Meyer, .\Inleouf. and Hyman 
(1929) agree tliat the oxygen intake of ustc*rrM<ls is dependent on the 
oxygen content of the water and rises and falls with the latter. Some 
adjust men t is made to continued sojourn in high -oxygen water by a 
decline In the oxygen intake after a lime, hut (he animals aj)|K'ar incapable 
of any adjustment to low oxygen content, .\ccording to Meyer the 
oxygon intake remains constant over a pH range from 5.5 to 7.8, is 
accelerated by iiu*n*ased alkalinity from 7.8 to H.O, then falling olT 
rapidly, and j.s dejjressi*<l by incivasiHl acidity, c<*usjng below pH 4.5. 
The earboiiate of the skeleton acts as a ImITer against ucidibed sea water. 


Salinity also affects the oxygen intake, Malomif found that oxygen 
intake is loweivd both in hypertonic M‘a water uiul in sea water <llbjted 
half with fresh water, .Vccor<ling to Meyer, the o.xygen uptake of .North 
Sou specimens of .1. rnlnnx is higher Ihun that of brackish specimens 
from the Italtic aiul is Incnmsed in the latter if they aiv plaecd In water 
of augmented salt content, up to alsmt 25 parts jmt tlnmsund, above 
winch decline sets In. llwk uiid Schlleper (lU.sH \eribed this result on 
brackish .1. ruhen^ placed in water of Increased sail content but found a 
similar rise in North Sea specimens place<l In water (»f lowered suit content. 


As III other echino<lerrns. asteroids have practically no power of 
osmotic regulation, and their c<M*lomic fluid l.s the ref or* identical with 


sea water. This was shown by Duval (1921, Ht25) for A, ruhen9, Parker 
and (ole (H)tO) for .1. vuljnris. \V. ('ole (lUlOj for A. vuliforis and 
•^o/a«frr endeca, Itiala.szewiox fn)33) for . I */ropccfc« aurQuciacau, and by 
Uobertson for Marfh. glacialiA. The last two authors, however, 

note a slightly higher potassium content and a slightly lower magnesium 
content in the coedornie fluid than in sea water. The coelomic fluid also 
'•oiituins protein ((iriflitlxs. 1893!. The cwlomic fluid of a-steroids is 
Ifss alkaline than sea water, which is decidwily alkaline, usually liaving 
of pH of 8,2 or more. The pH of the coelomic fluid of .1. ruOcns is given 
7.3 to 7.4 by Duval (ll)25j, 7.0 to 7,8 by Verchowskaja (1931); of A 
as 7.2 (W. Cole. 1910). 7.54 (Parker and Cole, 1940); of Solasler 
mera as ().9 (\\ , Cole. 1910); and of Paiiria miniala as 7.(5 to 8 and of 
orhraccus a-s (5.5 to 8.1 (Irving. 192(5). The fluid in the water- 
'ascular system of .\farth, glacial is is practically identical with the 
coelomic fluid but contains i^till more potassium (Robertson, 1949), 
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The body wall of asteroids is freely permeable to water and hence 
these animals swell and grow turgid in diluted sea water and lose weight 
in sea water of augmented salinity (Moyer. 1D35; Maloeuf, 1937; Loosan- 
oiT, They show considerable adaptability to salinity changes, 

but too long c‘xp(»snve to i<ki low s;dinity is fatal. The body wall is also 
permeable to salt.s since weight is lost in sncrcisc solutions isotonic wilb 
sea water uMal<Knjf). .Ml oration of shape and size ami loss of repro- 
ductive capacity in .1. iuUha living in very brackish water were noted 
above (page 37;M- 

Tlie coelmuic fluid circulates or at least is kept in motion by the 
flagella of ilie ctM'lomic epithelium. In .1. foriKsi, I iu ding ton (1942) 
inciicates a gemnal iiUernal flow lowujd the arm tips with a return 
current along the inner surface of the ray sides. Gemmill's (I015a) 
o I we r vat ions on several sjHH*ies give a varknl picture and show chiefly 
that the coeloinic fluid is subject to constant and thorough mixing, The 
coelomic fluid generally flows |H*riphcnilly along the inner surface of the 
ahoral wall and along the a bora I surface of the pyhnic <aieca and cent rally 
along the ventrolateral walls of the rsiys ami the jnterbraehial septa. 

.\s previously relatinl. some asteroids fwl by everting the cardiac 
stotimch over the prey: this is aecmnplished by body- wall contraction 
exerting prev^un* im the ewlomic fluid, while the gastric ligaments 
prevent loo great eversion. Anderson it Pol) has sht>wn that acelvl- 
<*ho)ine evokes ex]>unsion and adrenalin closure of the mouth and llial 
following injeetion of aeetylcholine the ccHdcnn the stomach of 

AxtfrwH/oi’lnsi may Im’ eauseil to evert by exerting pjt'ssure on the arms, 
something that cannot 1 m' done with the normal animal. Hetractioii of 
the stomai'h prohsihly results from relaxation of the IhkI.v wall pi’J* 
contraction of muscle fibers in the stomach wall, including those in the 
fibrous strands that enter the stomach at the no<hiles of the gastric 
liga ments, 

III asteroids that feed by stomach eversion the pjvy is digested oiit.ddr 
into a sort of broth that is then iiigiwled. It might Ix' suppo.se(l that the 
channels of the cardiac wall described by AiMloison (l^ol) in As/rria^ 
forhr^i niiglit function in the intake of the f<MKl broth, but on the contrary 
tlieir currents are din*ct<*<l orally ancl they seem to serve for rejection of 
unwanted material. Other sea stars swafhm* their j>roy whole nixl digest 
it in the stomach iurncii: it Is not elear whether such specie.'^ aie inc apahic 
of everting the stomacli. hiil probably some species may feed by either 
method. In any event, diE»*>|jon is evident l.v mainly extracellular, 
a powerful digestive llukl must 1 m* e.xuded uj>on the f<HH( from the stomach 
walls or the pylork* caeca, or both. ('ha|)eaux (I893i bun id pi'oloasc. 
amylase, and lipase in extracts of the pyloric caeca and the first two i" 
stomach extracts; he thought digestion is extracellular except for fat^ 


AST£ROIDBA PHYSIOLOGY 


3S5 


?hich be believed to undergo intracellular digestion in the caecal epi- 
thelium as oil droplets could be found there after feeding oil. When 
fibrin mixed with carmine was fed, carmine particles were also .seen later 
in the caecal epithelium. Stone (I897i detected a protease acting best in 
alkali lie medium, a lipase, and a rapidly acting diastas<* in water extracts 
of the pyloric caeca. In AfUerioi Jorbett, Van dor Heydc (H)22i reported 
that ss'atcT extracts of both .stomach anci pyloric caeca wuuld digest 
gelatin in alkaline, and egg white and gelatin in acid medium, but failed 
to find any lipase or amylase. Sugar and protein put inti» the .stomach 
werif well dig(*stc<l. and amino acids could lie detected in ihi* coeloinii* 
fluid of a specimen caught in the art nf feeding on a bivalve, Oil, iron 
saccharutc. and umimmium curminute injoctiHl into the .stomach of .t. 
forbtfi pass into the pyloric duct.s and are later found in the epithelium of 
the pyloric caeca; the carminate mostly passed through the epithelium 
and accumulated in the jKTitoneum of the caecu. This author (H)23a) 
ix'poited similar rc.sulls for A^tropeelf/t rligcsiion of >;acc]iar(we and 
protein in the stoniuch and ingestion of oil. iron sacchnruti*. and ammo- 
nium carminate by the epithelium of the pyloric caeca. In similar 
experiinenls on Erhinaxftr uikI .1, rubin.'i. carmine, blood 

corpuscles, und iron saceharnte injertt'il into the xloma<'h wias* taken up 
hy the caecal cpitheliiiin, but nirboii jiarlictes only by the ef)ill}<»linm of 
the jiitestinal caeca {Xuu cler Ileyile and Omnen, Irving (Il)2(b 

filled Isoluteil caeca of tniuiatii with gelatin .solution and re< live red 

products of protein digestion in the .surrounding tiuhl. However, each 
pyloric cac<mm of I*<ilinn minia/n und otlier Aslerinidue, al.so of lOchi- 
nasleridae. i.s underlain <m the onil side* by an extensive sloiumdi (]iv<u- 
ticulurn (so-culled Tiedeinann'.s divculieuluni. l*'ig, llo.tf, so that in 
Irviiig’M expenment.s the gelatin .s4)lulioii went into this .stomach <iiver- 
liculum and the resulting digestion is pmbatily to l>e attributed to the 
stoniui'U. IVoteoIytic enzyme's hydroly/iiig gelatin, peptone, .and poly- 
peptides were found by Savva no in caecal extracts of Dittlohslerias 

nipon. further the intracellular pnit<‘olyllc enzyme cuthepsin in extracts 
of both pyloric and intestinal nieea. Anderson (nri3) a.scrilied a 
zymogenic function to much of the epithelium of the pyloric caccu of 
forhfisi. 

The digestive activity of the pylorie caccu appears to take place in 
a medium more aejd than sea water Stone <18117; and Hoaf (lUIOj 
repoi ted sliglu aciflity of the si*cretion <if the jivloru* caeca in .'1. vulffafix 
and .1. riihrng. res lively. Van der lleyde (11122) not I'd a pH of 7,1 
to 7.7 in the stomach of .1. forlwifi and of 7.3 in the caeca. The pyloric 
enzymes of are active at pH 7.1 to 8. 1 (Sawano, ll>30). 

b ving n02ti) gave figuix‘s of 7.3 to 7.0 for the stomach of Patiria miniala 
and /*f>a«/rr orliraccus. and of ti.fi to 7.0 for the pyloric caeca. He found 
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that excised pyloric caeca tend to alter the pH of the sea water to 6.7, 
the optimum for gelatin digestion and II age I la ry survival in these species, 
tiiid that this acidiMcalion is accomplished by the carbon dioxide given 
.>IT in vospivaiion. 

Strong Hagellurv currents are maintained in the digestive tract 
.(temmill, U)I5: Irving, 1924: Anderson. !9u3i. In the central digestive 
tract these run in general from mouth to anus but cause a circulation in 


Flo. S.VHlpm wl hnriFiml rhntih«'l» of I he IrnrI nf 

Cm/ nor. IU(I|>, I. p>|<>ri<' «’9rs>u; 2, Imciiial rliAiihcU .‘iUmijt inevolcrie'* ]>> lork' encri. 
'A. tniKtri'purite: *1, Kii>tric Imernal lull*. 3. rartliar slomaih: 0, p>lorii' “• 

bruHsini )<eptn: S, mle^linal eaera:^. interline: 10. ffortad-': 11 . Uaeioal plexus nlontf 
fiui’lH, 


the stomach. They prorped distally in the caeca along their oral sides 
and back along their aboral sides to ihe sttmiaeh. Similar cnrieiits go 
mto and out of the Intosiinal caeca. Anderson has shown that iho cells 
lining the pyloric duct.s and their side branches are specialized as current 
producers. .Although the wall of the pyloric caeca contains a ntiis^l^ 
stratum (Fig. IH.O. no one ha.s oliserved anv movements of these 
structures. lUuUngton (1927) saw rhythrnie pulsations of the jntc.stinal 
caeca of forbesi. 

The evidence, while unsalisfacfory, indicates that digi*stion occurs 
in both stomach and pyloric caeca and that food particles are swept into 
the latter and there undergo extracellular or intrai-ellular digestion, or 
both. Digestion priKliicIs may l>e passe<l through the caeca into the 
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L'oelo!nic fluid or into the haemal system of fho pyloric <»a<*ca deH(Til)e(l 
by Cu^Qot (ISDC: Fi^?. 163), 'which oonimuiiicalcs with the main haemal 
system by way of the gastric haemal tufts, or may Ik* stored in the epi- 
thelium of the caeca. According lo Anderson (lll.V^l, much of this 
epithelium is devote<l to f<MHl storage and rontains glyimgeu, neutral fat, 
and a polysaecharuk*-proleiji complex it»sistant to liiastatlc digestion. 
Delaunay has identified glycogim in the eaeca to the amount of 

300 to 400 nig. i>or 100 g. of fn'sb weight and also Mi«[M'ctoci protein 
storage; he noted tl0‘2t)) plunipne?^ of the caeca during gonad decline 
and loss of weight from the cmi'u iluring maturation of the gonads. 

Hie fuiH’tion of the haemal system of asteroids remain.s ohscuiK*, 
\ erchowskaja i reinovisl the axial gland, which is in effect u haemal 
plexus in asteroids, and saw no effect <in .! . ndwax ex<'ept a slight enlargo- 
iiioiit of Tiedetnann's IhmIu*^. Succes.sful imfduniaiion of an extra axial 
gland resulted only in slight enlargement of the animal's <m'ri gland and 
of the gas I lie haemal tuft.". Xn ctmlraeiile movement h have been seen 
m any purl of the haemal \vstem excepi iIiq ch»rsa] sac. This cuclosoa 
the ttboral end of tlie axial gland anci by exerting pivssmt* on this eould 
po.ssilily have some motile effect on tin* haemal system. One may note, 
however, that the haemal .system roniuins an abundun<-e of annH*boid, 
phagocytic ^•o(*lonuM•yles that can move about in I lie absence of any 
bacniul circulu 1 i<in. Very likely the ctK*lonnM*yies Iransfiort absorbed 
foixi from tlx' pyloric caeca along tlie haemal channels <>f the latter 
^fig. UhtK Van der Ileycle (11)22. IlLMai found that glue<iM' and urn in o 
(icids iidrcted into the ccM-lom djsap|K*ar rajudly, lH*ing taken up largely 
by t'wlomncytcs. 

No function is know n for THHlemaiin’s Ixnlies. The supposition that 
they furniMb cMdomcK'ylcs docs uoX apjiear to Is? supported by any 
evidence, (\ff*nol (UK)lj was unal)le lo hwate any .site of fc^rrnatlon of 
'•(M'lointK ytes and conrludiKl that those simply multiply by division. 
Kowalevsky (18W)) injeeKKl carmine and Bisman'k brow n into theamlni- 
lacial syslein by way of a ]HKlium and found color throughout the ambu- 
lacra I system, persisting longest in (lie Tiedemann'.s bodies. However, 
It may lie pointed out that the ambulaeral system, including the Tiedo- 
manii’s bcMlies. is lined with coelom ie epithelium, and this, as will appear 
^'hortly, has the general pro|)erly of taking up foreign particles. 

1 he uHlerokls lack a definite excretory sy.stem, and various ol>scrvcrs 
luvo atteiujilcd lo elucidate excretion in this group by the usual method 
miectiug colored foreign parliele.s. Durham (J888) injected India ink 
and aniliu blue into the coidom of A. rubens and noted that the particles 
are ingc.stcd by coelo nun* vies, which then puss lo the exterior by way of 
the pup„iu,. jjj.d eventually disintegrate. This author also noticed that 
COC oiiiorytos with r(*frir)gcnt granules, probably of excretory nature, 
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follow I he same route anH are found in mimhers in the brownish slime 
CO VO Hue the sea star in natural conditions. Similar observations were 
inu<le by (’hapoaijx 1 181)31. who. after injecting indigo carmine into the 
coelom, found that the colored particles are ingested by coelomocytes, 
wliich then exit throush the pyloric caeca, the madreporite, and the 
papillae. Chn'-not (11)011 Injected a variety of dyes into the coelom of 
Marth^ fflorinlh an<l reporteil that they are taken up not only by coelo- 
mocytes hut also by the jxnitoneum everywhere, including the lining of 
I he amlndncrul system and the hyponeural canals. This author saw 
mH.*<.s<'s of such <•<) hired voelomocyte.s a gg regale in the tips of the papulae, 
where they might lie eliminated by such tips constrict I ng off. Some 
dyes might be taken np by the pyhivic caeca and eliminated by way of 
the digestive tract. I.ison ( 11130 > also noted clumping of coelomocytes 
ariauid injected carmine, jirussbn blue, or neutral re<l. and accumulation 
of su<*h masses in the lips t>f the papulae which might then constrict off. 
The coelomocytes thus apjMMir to constitute a principal mechanism for 
the climliialion of unwanted materials in asteroids: possibly the pylonc 
cae<*u uiv also exci’ctory In aildition to their other functions. 

\‘unc>us workei's have attempted to diseover the form in which 
nitrogenous-waste produets are exereted in asteroids. Griffiths (1888) 
reported uric* acid hut no urea in the stomach contents, ('ohnheiin 
(11)011 could not detect any ammonia given off by several Aslropccten 
ai/ranriaruH but found increased nitrogen in the water in which they 
ha<l been kept for 10 hours. Fosse (1013) noted the presence of uiea 
in water in which -1. rubens had sojourne<l for 40 hours. Myers (1920) 
could detect no other nitrogenous excreta except a very little creatine 
and cmiliniue In the coelomic fluid of FisasUr ochraceuc; that of Pi/cn^ 
podia keliofUhoirtrs gave only some urea and ammonia, Van dcr Ilcyd^ 
(ll)23c) reported the piesence of uric acid in the coelomic fluid and 
pyloric caeca of A. forbeti hut denied the presence of ammonia, urea, 
and creatine. .‘V trace of uric acid was found in }farth. glanalis by 
Pr/ylccki (1920). The most extensive Investigations on this matter are 
those of Delaunay (1920. 193D. who found in the .sea water in which A- 
nihriis had lived for 21 hours mostly ammonia and other volatile bases, 
some amino nitrogen and iiiva. hut scarcely any purine sul>stance3 of 
uric acid; similar results were obtalmHl with the coelomic fluid, free 
from cells. Some urea, hut practically no uric acid, was detected in the 
pyloric caeca which are high in amino nitrogen and purines, an Indication 
of food digestion and storage. It is difficult to draw conclusions from 
these discordant result .s. but it seems probable that ammonia and urea 
arc the chief nitrogenous wastes of asteroids and that only tr<ares 
acid are produced. The report of the presence of creatine and its 
derivative creatinine in asteroids is interesting, as these substances arc 
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typical of vertebrates, and echinoderms are among the invertebrates in 
whicli they have been reported. 

26 . Ecology: Geographic Distribution. -We begin with the northern 
part of the Xorth Parific. for unlike tbo state of affairs in the other 
fc hi noderm elaasos, this area i.^ the venter of greatest concentration of 
asteroids. Verrill {\mh remarks as follovv.s: “No otfier part of the 
World, of similar extent, so far as known. Iuin so many s|>(*rics of shallow 
water and littoral starlislies as the c*i»as|.s «,f .\la.ska and Jiritixh ('olumbia, 
iiiclvnling Puget Sound. Many of the .-specie ^ range from San Francisco 
to llic* Alriiiian Islamls. hut the nuksi favi»rt*d it*gjcm is from Puget 
Sound to southern .\lusku, . . . Tfie enlin* irgion has u very broken 
roust line, iiinumerahle i>ljiiic|s. f)ays. lioitis and straits, giving a gieat 
extent of sheltered enasl line, ha I Iasi in pure M'a water and swept hy 
strong tidul eurreril.s, all of wfiich are vcr\ fuvoiahle to littorul murine 
. I’he.^e Jav<»ruh|e roiidil ioii.s are uoiuhly sfumri hy the great 

ahuiidnnre of iiuliv idualx us wc^ll as sjm< ie.s and aUo hy tfie gri*al si<4e that 
'nujiy of the st>eeies atlain." 1 ‘txher in the lirst |):irt nf fii» scholarly 
nceouni of the asteroids f»f the North Pucihe fllUl, Mi2H, uUo 

stales that “the west ermst of .Vorth .Vmerica is moix* jirolilh* in species 
mid individuals than any oilier part c»f tlie worhl.” The urea in rpiestion 
includ<*s the Pn<*ifie ('emst of N'orlh ,\nierira from norlhern Californiu 
nortliwaid. the .\leutian Islamls. and the ecwxsi c»f .\sia from Sahkalin 
“"d the Kurile Islamls ti<uihwurd. that k the hemndaries of tlie Ikuirig 
' <‘a. All hough I'isher in hi.< nionograjdi also inc luded southern ('ali- 
I his is best j'egarded us part of (he INnamic region. It is to he 
noted that the eoastai waters of the art‘a in cpieslion an* uniformly cold, 
pen nulie height of summer, and this riodouht eonstitutes an important 
»»tor m tlic rieh development of liUoral marine life along these eoosta, 
<*«pecia)|y wlieiv rocky sul>strate ahounds. The author ims seen no 
»‘l ler display of littoral murijir invortef)rate life than that of Puget Sound, 
a"d (he shores of Vancouver Island an* sui<l to itc even richer in inverte- 
jrutc.s, j f„, majority of the asteroids of the ui'oa under consideration are 
<*n<enue. t|,m (ipjlj Jisttnl about 70 

ciKenac species uml .*a‘ven endemic genera {TfirisMcauikin^i, Xtfarrhaslrr, 

• (/eph>/rfa:s/(r, /hrmaKtiria^, < UvUrozonias). lii 

‘ ‘ ^‘*»d<*mie .species, the rc'gion inelude.s a numlK*r of eircum- 

and circumairtic species that have jindiahiv enten*d the urea from 
K'Arctu. Ocean tlirough the llering Strait. Then* is also some invasion 
icgi.m hy Pnriamic* a.steroicU. ami vice versa. The eoast of Asia 

can fT ^he Xorth Amcri- 

0 the n*gion hut prohahly has not lK*en exhau.stively studied 

•dlcciiar ^ apt to k taken in shore 

R in tlie region is tlie leather star imbneafa (Fig. 
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143), foiintl sparingly on rocky bottom from Monterey Bay to Alaska, 
said (Ricketts and Calvin. l9o3) to l)e delicately purple with red markings. 
The most common endemic shallow- water spinulose stars are the broad- 
armed Paliria miniala (Fig. 144), red, orange, buff, or mottled, the little 
blood-rod llcnricia lei’iuscuh with slender rays, the sun stars Solaslcf 
ftfimpsoni and dnu%«o«t, and the cushion star PteraMcr t^ssclatus (Fig. 
95 ft). The shallow- water endemic .\sleriidae comm only seen include 
1.1 ptiiMrria^ orclica. cQm(sthQlif:a, hcrarfU (Fig. 94/i), aequahs, alaskcnsts, 
and pUftilln. EiasUrias IroHcheli (Fig. 15()l. Or/haslcrias kochicri, Pisasler 
ovhraccuH (Fig. 157). gujOfi/itiH, and brenspinfts, and Pt/cnopodia hflu 
atilhouhs. 'i'he pre\'a!en<*e of the gc-nns hpfastcrias, mostly small, often 
six-rayed asteroids, without striking coloration, is noticeahlo. They are 
rspcrinlly i onnnon from Puget Sound northward and occur in a bewilder- 
ing array of s|«*<'jes, sul>sp<*cies. and varieties. The genus Pinaster w 
also a typical shore asteroid of the Pacillc ('oust ami often occurs in gi'cat 
luimbers. /VsoK/cr ochrareus is characteristic of rocky shores subject to 
heavy wave action and seems to remain in the same position for days 
firmly attached by rigid, eonlrncted podia (Hamilton, 1921). 

.Mention may In.* nunle of some other six^cies charucloristic of the 
Ihiiafic ('oast from ('alifornia to Alaska but limited to the deeper waters 
of the littoral zone, namely, Lcplffcbaslrr anomalusy huufia foUolala, 
MnliasUr ocqualis (Fig. 139), IlipjtasUria spinosa. and Sft/lastcrics 
fotreri. Luulia foliofa/a. grayish, is said by Fisher (1911) to be the 
commonest sea star of Monterey Bay, and .\fcdianter arqualis is notable 
for its Uillianl red eolor. 

Cir<um boreal and circu marc tic asteroids constitute an importaa 
element of the shallow-water asteroid fatma of the northern part of the 
Pacific Coast of North .Vmerica. These have presumably invaded 1 ^ 
area from the Arctic Ocean by way of Bering Strait. The most common 
among them are the phanerozoiiie sXar^ ('tenofiiscus crispofus (Mg. 1^ ’ 
l.rptijchastfr arclicus, Psendorchastcr parclii; the spinulose species l/cnrtoo 
sofioaiiiolcnlQ (Fig. 140). Soiaster cnrfcca (Fig. 147), Crossasler 
(Fig. 94F). L&phaster furcifer (includes /Mirff/ijrcr), Ptcraslcr ^ 

pulritlns, and <i}8cnrus, and Diptopicrastcr mutfipcs: and the forcipn a 
.Is/crmi amurensi> and Stcphonaslcrias albufa (Fig. loo). 1 hose 
in general range from the Bering Sea eastward by way of 
the Faroes, Spitsbergen, Jan Mayen, the Barents Sea, and so on, to 
northern coasts of Sil>eria; and from these arctic waters they ^ 
southward along the shores of the continents to varying points, 
(’fcnodtscu^ crispatus (* cornicula(us) ranges frojn the Bering Sea so 
at least to California, through the Arctic Ocean to Grc-enland. and 
the eastern coast of North America to ('a|)e ('od, acros-s t le . 
Atlantic, with records at the Faroes. Iceland. Spitsl>ergen, an 
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Norwegian coast, and into the Barents and Kara Seas (Fig. 164A); 
it lives on muddy bottom, mostly at depths of 35 to 80 m., but may 
descend to over 1000 m. The blood star Henricia sanguinolenia has an 
even more extensive range (Fig. 104B), for it completes the circle from 




I'lg. IM. - Mu|m q( the dUthbuCion q< two wi<loJ> di»trihule<l northern n^ttcroide (after 
•lo/iifn. /t, Cleno>Iu<uM erUfiotut, not quite cireumboreel. B. Henricia •an* 

auinofe/t(o, ciruumboreal. l>otte<J luio indicates Aretic ('irele. 


the Bering Sea through the Arctic and Atlantic Oceans to the Kurile 
Islands off the northeastern roast of Asia; on the Pacific Coast of North 
America it descends to Pugrl Sound, on the Atlantic Coast to the Caro- 
linas, although only as far as Cape Cod in shallow water; and in the 
eastern .\tlanlic as far south as the Asores. In addition to these circuin- 
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arctic and circumboreal species there are a number of northern species 
limited to the Atlantic, not found in Pacific waters. Some of the more 
common of these are Ponlas(er ienuispinus, Peniagenaster granuloris, 
Psilasler andromeda. Hippaslcria phrygiana, Porantomorpha hispido and 
tumida, Uymcnaaler peUucidus, and I^ptastcrias kyperborea and mulUri. 
Strictly arctic »p<*cics. that is, species limited to arctic waters where 
temperatxjros are constantly below freezing, include Batkybiasler vexil- 
lifer, Korcthraster hispiduSy Poraniomerpha lumtda, Tyldstcr willei, 
Icaslvnas paao;j/a. ( rasleria$ linckii, and Leptaslcrias hypcrborca. Such 
sjwcios are sjmkon of by some writera as “high arctic”; they are steno- 
thenuic forms that do not tend to range south along continental coasts. 
Main i‘efcivnces on arctic asteroids arc those of Ludwig (1000), IlofsUn 
(1015). and Grieg (1028). 

As indicated above, many of these northern asteroids range south- 
ward along continental coasts: hence they contribute largely to the 
ostcronl fanna of the northern )>art of the Atlantic Coast of North 
Anjorica, I has Ponta^ter temtispiuus. /.ophofdcr furcifer, and Leptaslcrias 
miilliri descend ns far as Nova Scotia and Newfoundland, and Ctenodiscus 
cri.^pattts, SoUiKlrr erideca, CroRsasicr papposus, Ptcranicr miVfVaris, and 
l/enriria sdfiyuinolniftt to Cai>e Coil or even farther south in deeper water. 
Such .spi'cics are clearly eurytherrnous, adaptable to considerable ranges 
of tempera line. There are also eiidomie shallow- water sea stars along 
the ;\tlanlie ( oast of Xenih America, chiefly .Is/crfas tenera, from Nova 
S<‘<)tia to New Jersey, .1. l utgarU, from Ubrador to the C arolinns, and 
.1. forbcKt from Maine to the Gulf of Mexico. Main references on this 
area are those of II. L. Clark (11)04) and Coe (Mil 2), where references to 
earlier works, os those of Verrill, will Ik* found. 

Similarly arctic species eon tribute largely to the asteroid fauna of 
huropeon coasts, descending along the Scandinavian peninsula and also 
by way of the Faroes to the British Isles. European asteroids arc 
tr<‘ated by Sussliach and Brcckner (1911), Mortensen (1927), Mortensen 
and Lieberkind (1928). Koehler (1924), Liel>erkind (1028), and Nobre 
(1938). Northern elements on north European coasts include Psilaslcr 
andromeda. Pontaster tenuispinuc, I/ippastcria phrygiana, CeramasUr 
grannlarh. Poraniomorpha hispidOy Crossastcr papposuif. Solastcr endeca- 
DiploptcrasO r multipcs, /lenricia canguinolenfay ami Leptasterias invlle’'i- 
Common endemic species often met with in the literature that do not 
extend into arctic waters include (he phanerozonic stars Astropcete^ 
irregularis, Luidia sarsi and ciliaris, and Porania pnlvillns; the spiiiulose 
forms .'tstcana gibbasa and Anseropoda placenta (Fig. 145): and the 
forci palates ,Mor(has(crias glacialis (Fig. 154), Asterias rvbcns. and 
l^tichastrclla rosea. 

Some of these species extend into the Mediterranean, notably AsierM 
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Anseropoda placenta, Luidia iorsi and ciliariej and Martk. 
glacialis, but in general the Mediterranoan contains a dilTercnt set of 
species, presuinably re<i airing warmer waters. The asteroids of the 
Mediterranean have i>een reported by Ludwig fl897i, Joui)in (1928- 
1934), and Tort on esc (1932), as well as in general works on European 
asteroids; excellent plates app<*ar in the Jotibin volume, ('ommon 
shallow- water asteroids of the MhIi terra nean include, besides those just 
mentioned, the phanerozonie species Asiro/KcUn auranriaens, bispiiiosus, 
epinulosue, jonslonis pta/yacanthuR, and the p<nlacanthus variant of 
irrepH^an^, (’erawaster placenta. Tethyaxter Rubinernns. Opftidiaaler 
ophidianus (Tig. 112), and /lacefia aftenuala. the spiijuli>se Echinaster 
nepositUR. and the forcipubte UnniRpina (Eig- 155), 

Many of th<* cemimem asteroids cd western Europe and the Mediter- 
ranean extend down the western coast of Africa to varying points. Thus 
flenricia sanyuinolenla and Atlerino gibbana (x’cur to the Azores, Astra* 
pecien aurancioens to Madeira and the ('a nary Islands, and I* si faster 
andramvda. Astroperlen irregnhris, f.uidia aliaris and ami .\fartk. 

glacwlis to the C'ajM* Wrde Jslands. 

At the Asiatic einl of the aretie there is the e\]HM*te<l influx of uhic^ui- 
touK far-northern usterohls srnjthward into Japanese \^ntera, and those 
form an important element of the asteroid fauna of Japan, ul least of its 
northern parts. 'I'he Phanerozonin of .In pan were extensively considered 
by (loto and the .'^pinulosu and Kcwcipnlutn hy llayushi (11)10, 

1943), (’onsiderable information on Japnnes<* asteroids also u))pears in 
luslier’s mon(»graph cd the North racilie s<*n .stars {1011, 102K, 1030) 
Antic invaders include f7r;Wfsr«s criftpafus, i^ptyebastvr arrficM« and 
on omnium, I^HeudnrrhnRtfr paretii. (‘roR/taatrr papposu.'i. SalanUr endeea, 
l^terasler leRsolntne. a form «*f Js/crioa amurrnsis called roUeftloni, and 
EvaMtcriQM troRchcU and echinosonia^ Japanese asteroids also include a 
number of species in common with lhc»se of the leering Sea. Aleutian 
Islunds, and Alaska, such ns Ceramastrr japonicus. //ippasferia eliopeUa, 
Solaster parillatm, borealis, stinipsoni, and datvsoni, Eoraniopsis inflata, 
ftud l.ppta.H/erinK ochoirnsis and eamtscbatica. To these are to be added 
endemie Japanese asteroids of which some common littoral species are 
Antropvrlen sropc7fM and several other Atifropecten speeics, Luidia maculatn 
and (/uinarin, Asterina pertinifera and baiheri, (’oReinaslerinx aeutispina, 
H[)ec n‘s of l.vthiisleriax. Aphelasteriax japonica, f^ptasterias orietitalis, and 
l^iRtofuRt, ritix inpan. Finally several of the most common Indo-Paeifie 
asteroKis extend into southern JapatK*se waters. 

1 he Inclo-Pucific may not lu? as rich in a^Ueroid.s as the north Pacific 
hnt ee It a inly suffers no dearth of these animals, which, moreover, are 
‘'conspicuous by reason of their brilliant colors'* (H. L, Clark, 1921) 
This author found 41 shallow-water species in the Torres Strait regiot, 
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(whicli may contrasted with the half dozen species found off the New 
England coast), and Fisher (lOID) reported over 100 littoral species 
from the Philippines and adjacent waters. Main publications on the 
asteroids of this area are those of Ddderlein (1896), Koehler (1910), 
H. L. C'lark (1915. 1021), and Fisher (1919); for the Ked Sea Tortoncse 
(103()) and A. ('lark (1902). Doderlein’s reports (1910, 1917, 1920, 
1924, 1 93 3) on the extensive col loi*t ions of the SHboga in Indonesia are 
wry incomplete, heing confined to a few genera and families. Some 
species range through the area from the Red Sea and Zanzibar through 
Iiuloiie.sia and the Philippines to Japan and even Hawaii. Wide-ranging 
phrtnen>zotii<’ species inrUide Aatropecten polyacanfhu^, monacanlhus, and 
irlUaris. Laidia macuhta and Mvigiiyi, ArchasUr typicus (Fig. 134) and 
anyuhlus. Medinfiter ornatus, Chcirasler ifiops, Picudarchastcr jordani, 
Orcofitcr (or Proiorcasfer) noifoxu4, AsIcrinQ (or Pa/i>ic/fa) exigua, Culcito 
iioracguinriit'. Frotnia mdUporclla and mondis, Aslerope corinifera (Fig. 

1 11). lAnelcia hrrigatfi, mtdli/ora, and guildingi, and Metrodira subulate; 
of spitnikwe species may l>e mentioiUHl Echinasin purpurta and Imonicus, 
Astcrina hut /out i. and Acanthanfer phnri (Fig. 97.4). It will he noticed 
that the majority of the common widely ranging littoral sea stars of the 
Imlo-Puci(ir are Phaneroiconin; in fact of the 190 species described by 
Fisher (1919) for the Philippine area, about 70 per cent belong to the 
Phnnerozonin. Ks|x‘ciully characteristic of the area is the phanerozonic 
family lanckiidae (or Ophidiasteridae), with genera Ferdina, Fromia, 
Naidoa (Fig. 142), Punaster, Ophidiasfer. HaccUa, and Linckia. Perhaps 
the best- known of all Indo-Pacificshallow-svatcrseasUrs is the brilliantly 
blue hinckia laevigata (Figs. 98.4, 1C5>. Forcipulatcs arc notably in the 
minority, and the large family Asleriidae has few representatives in 
littoral tropical waters, being characteristic of temperate and cold rcgiona 
The a.steroids of Australia have been exhaustively studied by H. 
Clark (1938, 1946). who lists 180 species, with as many as 38 speciM 
taken at a single locality; of these about 140 appear to be endemic, tha 
is, so far not taken anywhere but .Australia (and Tasmania), but many 
are known from only a single specimen. The remaining 30 species are in 
common with those of the general I ndo- Pacific area and include most o 
the wide-ranging asteroids listetl above. The northeastern coasts o 
Australia, including the Great Harrier Reef (asteroids here by I.ivingsR>"^' 
1932), may be reckoned as part of the lndo-\\est Pacific region. 

The asteroids of the Hawaiian Islands were monographed by Fishc' 
(1906) on the Imsis of extensive collections by the Mha/ross. and da a 
from the I'anagcr collections were addetl (1925b). Sixty species are 
listed, but some of them are limited to deeper waters. Fisher stales 
that the shore and shallow- water species are all tropical forms. A>ou 
12 of them come from the general I ndo- Pacific area and Include some c 
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the widely distributed species repeatedly mentioned, as Afitropcefen 
pohjacanlhis and vctilari^f. Archaslcr typicus, Linckia multifora and 
guildingi, CidcifQ novotguinac, Mrffio/</ir ornat'm. P.'^mtlarchaKUr jordani, 
. I c(i nthaslfr pta nci. a n c I . I */< ropt cart u if rrn 'V\\ o n n >i*i* ^ tx“(*i vs a ) so 



oi.r of iLc riio'i «*oinnxHi ui IIk> 




ornip II; l*jmj||iji<. p.yioii hHow/, and the rmiiaindor ar<‘ r*mleiiii(\ 

aUlKMijrh a numbrr sin* rUtM'ly ii'lsilcd lu 1 iido-l^sinlic s|H*« ii*s, 'I'ho 
sluillou.\valc*r sl^l<•n^irh r»i llasNau have bmi ci)h>ldiTocl by Kly (HM2) 
•Uid l,dnn)nd*‘on (HlUb. laHcT iiidiesitcs lhal iiiily a few r*f {hv 00 

Iboxuiian astcwnls cb M rilM*<| by FMier ran Im* seen in sbsiMow wsiter anti 
'•II tlio sxefs. The tnt»sl ronuiion nl' lhe«r* are siruony sln* wj<lely laiiifliiu 



396 


PHYLIM ECHISODBRMATA 


lodo-Pacific forms just listed; others include Luidia kystrix, Ophidituter 
lorioH and Dactylo^a^ter cylindricus, Asterina anom(da, Milh^ 

rodia bradlcyi, and Coscinasterias acutispina. The last is fissiparous 
(page 313). 

As previously indicated, West Pacific and Hawaiian echinoderms tend 
to spread eastward to the easleni tropical Pacific or Panamic region, 
which extends from southern (‘alifornia to Peru and includes the Gala- 
pagos Islands; but the deep waters of the Pacific Ocean between the 
llawaiinn and South Pacific Islands on the one hand and the AiucTican 
coasts on the other form a formidable barrier devoid of land stops. 
Fisher (U)(Ki) liste<l with considerable reserve five asteroids as common 
to the Hawaiian and Pnuamic regions^ but only two are valid, namely, 
XifloreHia annaia and Mithrodia bradUtji. both common sea stars of the 
I’a u am i c a rea . F ti rt her t he com mon J n d o- Pa c i li<* 8i)eei es Lirtckia 
ytiililingi occurs at the Galapagos Islands (H. b. C'lark, l‘J20) ami off 
Mexico ((’aso, lO-ll), There is further an influx from the north of some 
common Pacific ('oosl species that range at least along Lower (’aliforiiia. 
ns McdiaHtcr orr/aa/M. and trncUu/s, Crraufagier patagontcus. Patino 
mininta. and Aiftrometic sertuli/cra; (\ patagonicus extetids from the 
Magellanic area to the Ihwing Sea. Southern Californian species that 
extend at least throughout Lower (’allfornla include Aslropectcn antiiUus^ 
oinatisnimux. and ratifornicutt. huuHa foliotafa and anfhenottoiHQ. Pset>d* 
archaxtrr Eehina^cr tr/tuixpinns, and ScbrfisUrias heteropac^ 

The nstoroiclK eff southern ('alifoniia have Imen treated by Tlrey (1018): 
thoH<» of the Panamic region (omitting Miulhern ('alifornia) by IL L. 
Clark (imria, I <110, HU3, U120. 11123a. HMOi. Ludwig (1905), Hoonc 
(11)28). Ziesrnhenne 01137), and Hieketts (IlMl). Son>e of thes<‘ report 
were busc<l on d lodgings and concern primarily the asteroids of deeper 
waters. C’omtnon littoral species, fx'sides those already mentioiicd, 
include Luidia hrllonac and phragma, Phataria ufii/asrialis (Fig« 1^^^' 
Pkoria pyramidata, Orcasfrr occidcHfalis. Othilituicnuispina. Acofdhai^tc^ 
ellisii, and //r/msfrr kubiniji (Fig. 151). The last is said by Hickettfl 
to be by far the most common sea star on rocky shores in the Gulf 
California, and in fact the genus /frtiastcr is confined to the Panamn 
region and the const of C'hile. 

The littoral asteroids of the West Indian region were reported b.' 
Agassiz (I8()9i. Diklerlein and Ilartmeyer (1910). II. L- Clark (lOO^h 
1919, 1933), and Boone (1933); the dre<Igings of the Afhntix (IL L« 
Clark, 1941) concerned mostly the spc<ies in mo<lerale to cousiderabl^ 
depths. The common shallow- water sea stars of the West Indies include 
Astropfc/en duplicatus and on/i7/c«m, Luidia efaihrata, allt'rnola, 
d^negalcnsisy Orfa$lfr reticidatus, Ophidiaster guildingi. Linckia gmldind^' 
Asterina folium and minuta. Stfgnasi^r tr^ssrli. Erhinaster sentus an 
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echiiKxphoruB, &i\d CoscinaBUrias lenuUptna (Fig. 155). The occurrence 
of lAnckia guildingi b noteworthy, for this species was already indicated 
as common in the I ndo- Pacific and Panamic regions; and as it is also 
found off the west coast of Africa it is dolinitely a fropicopolitau .‘q»a star, 
Oreasler reticuhlns (Fig. 05.1), a large, heavy S4*a star, is common and 
••onspicuous in the Florida- Balia mas region and often collected as a 
mrio. Any of these s pern's may Ik* e\|)<*rted io extend northward to 
the Carolina^ and .southward to Brazil; they also constitute the common 
littoral asteroids of the CarihlK'aii iKiigiF wm*. The littoral asteroids 
of Bermuda have been treated liy 11. I., ('lark (11122, HM2i, who re port .s 
that only one ..pocies i» eoi>iin<»ri there in shallow water, namely, (‘ 06 - 
cinoBUrias Itnnispino. Tliis is u typically .M<Hliic*iTu!iean species that 
preBunmbly has bi'en iniroiluceil info lh*nmula and the West Indies, 
probably on the bottoms of ships. 

The remaining tropical aom. the eastern tropical Atlantic, comprising 
the central part of the ssestern coast of Africa, is rather jnior faunisiically. 
The Bstevouls here wen* n'fimtetl by Kts'liler iIlM h. nnIim found tnily 15 
littoral species, of which several ssen* in\atler.s frojii tlic .\Ii*diteiTurican 
and southwestern Furo)M*. The prew'iKi* fie re of /.t nr let a guiUfinyi. 
which thus completes its circle of the tropics. \va> alremly indicated. 

I wo athlitional littoral west .\fritun asteroid.s oemr in the \Vc*st (ndjes. 
Luiiiiu BfnrfjaUnHiii and iAurl.h Itonruri. 

lurning to the higher southern latitudes one finds in general a 
different set of ttstor<jitls. The asteroid fanim of South .Vfrica was 
reported most fully by II. 1., ('lark (I1)23bj and Moriensen (11133). The 
former found tha( about half of the 35 litti»ral specie.s then know)i arc- 


^*oinmoii Indo- Pacific sc*a slurs; thc-M*. however, do not in general range 
farther south than the southern end of M(»/ambi<|ue, so that xj)e<-ics 
from the coasts of South .\fricu projM*r arc nearly all endemic. Moriensen 
listed 85 species from South Africa |>ro|)er. but many <»f these came from 
deeper waters. The forms from moderate depths arc* for the most part 
endemic, (\ramfnskr pfH/ujonirus, which ranges from (’ape Horn lo the 
Bering Sea, is rc*prc‘.sentcd off South Africa in the littoral xom* f)y u slight 
geograjihie variant. Rather surprisingly, the ciit'um boreal Diphplrr- 
mulfipcH is found off South Africa in its typical form, and Marth. 
garinth extends ilowii the west c'oast of .\friea to the C'ape as two 
Reogruphic variants. Another spe<'ies of the genus Ttjlaxfrr, previously 
novvii only by the high arctic s|K*<ues T. willei, was found to occur in 
• outh African seas at mcMlcrate depths. CoscinoBferias calamaria, a 
CO non on Australian* New 25ealnMd star, has probably reached South 
• neu on ship bottoms. One may note (he reappearance in these 
ladtudcH <>r memWs of the Asteriidnc. mtsstly wanting in the littoral 
Aone ot tropical and subtropical seas. 
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The asteroids of Xew Zealand and adjacent ialande have been best 
considered by Mortensen (1925). Bennett (1927). and Fell (1953b). Of 
around 30 littoral species, nearly all are endemic; there is some irivasion 
of a few common Indo-Pacific asteroids. The most commoTj species 
are the endemic ^sfen’na rrguhris and the .Australian Coscina^tf^riofi 
calamaria. The asteroids of Xew Zealand include a notable number of 
fissi parous species (page 313», 

The asteroids of antarctic and subantarclic regions, especially the 
southern end of South .America and adjacent areas, have l>een extensively 
collected by a sucecs»ion of expeditions, beginning with the C Haile ft grr, 
which during the ycaiv 1873 I87h twice visited the South .Amcri<*Hn areas 
and secured a considerable percentage of the species now known to occur 
there, repurtcil by Sladcn (1889!, Main reports on the asteroids of (he 
various antarctic exiH'ditions arc those of Perrier (1891 Meissner (1904). 
Ludwig (1003. 19051, Hell (1908, 1917;, K<x*hler ( 1900, 1908, 1911, 19l‘i, 
1917. 1920. 1923). (Jrieg (1929a. 1 929b i, Dcklerlein (1927). and Fi.sher 
(1940). The last in purticnlar has given n very useful summary of ouv 
knowledge of the asteroids of the antarctic, unfortunately more or le.s^ 
excluding the subantarclic. Me lists 33 genera as limiled tr. the tw<i 


areas; 15 of these InOong to (ho family Asteviidac. The small spirmlosc 
family Oaneriidue consists largely of antarctic aiul mi bunt arctic genera 
{ScoUaster, (taneria, Cffeethra. PerknaMcr). .Vinoiig the aMcriid genera 
limited to these areas may be mentioned /MbuiiOHUr. Xo/osteria^. Ptiah'f/- 
filler, AnasUriae, Diplontfriax, .\Vosmi7ax/cr, ( o«wfl*/rrr«s, aii<l (frfiuaMer 
These southern high-latitude areas have an extensive asterohl faujni 
lhat compares favorably with that of other an*us. Fisher {1910) listed 
a total of 114 species of antantic sea stars known to that dale, Imt this 
hs I excluded many strictly su hunt a re tic si«Ti<**. ihc>se of (he Magellanic 
jyRion and adjac ent Islands. However, only about ,50 species on Fisher's 
hsl belong to the littoral zone, aWit 24 are uliyKsal, found only below 
1000 m.. and the remainder dwell in the an'hibeiithal zone. The most 
common httoral species of the antarctic and subantarclic include the 
phanerozornc forms Lepii/chastcr kergiiUnensis and accreiccfis, HaOwbi- 
na/cr hripe>i and its sulwpecies Psi7<i«fcr charcoii, (Monta^fer 

i^hdus. mcndtanalix, and penicilialus, Aitrrodon and Ceramae- 

Ifr pntfigomcHs; the spinulose spec-ie.s (ianeria falklanriica. Cyicethm 
verrucoHQ (Fig. I(i7), /VAutfsfer /use «*. /««•«« <infarcf«ru«. ckarcoti and 
nurorar. l^orama anlarctica. echina^ter, .So/aafer regularie 

■ hjoraster {= Upkaster) aniarelicm, Paliriella flenricia 

pagen^lcchen, Pttrasler irhruni and gibber, Diphptera^fer verrucosus and 
ro*.a»f.r pemnllaK.^: a.,d .he astcriid forripulatos AnMiasler scaber 

V .m (-„clonan. Il,pln^lrnn> bnin-i. I.ratidli <=lorem. IHIkem). 



‘fteridional is ri , «ncl tKto/adtata. ( ri/pfafttria^ turqucU. Anast(^ia& 

nninrrfini. \tosniilasltr .'<tnh4nt. ant] fironosUr nufrix. Fisher (1040i 
mention*^ n nufnU*r t»l H as; nolahle for their lar^e size, either 

III ah'-Mluir tfHii-* t.| tel:itl\t' in oilu r iiieinK*!-* of ilioir iicmis: Lt pif/rhasUr 



flcxuostts. r fori/ii.' •«.>. ami 

tlisuiM'K'is (4 aii»nijil 70 fjii.. tn' er 2 Om-i. ami nifier •j)fi'i< '* 

be a fool oi more a**:n**s. ,\ nninbei i»l iheM* -jieoirs n? oi l heir •■M M 

aniar<'ii<’ variaMt^ aie iiMlit aieii bv Hslioj a> e(t« um|Milai . that i"* 
at hiirh southern lalilihle'* MMjfl» i»l Snuiii Anienea AlVna. uiai Au'fralK 
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aud New Zealand, namely, LfphjchasUr acmacens, Bafhybioiter loripes 
obesui (- lioumlUi), Perknaster /uacue antarcticus, Porania aniarctiea 
glabra, Psiltufer charcoli, Soia^Ur rtgularia titborruaius, Myorasttr ant- 
arelicui, AnasUnas antoretica, Lyga^ierias pnrieri, and Diplagterias 
hrucei; further several archibenthal species. 

The asteroids of KerRuelcn. an isolati*<l island in the southern Indian 
Ocean at 50* south latitude, have l)een reported by E. A. Smith (1876 
1879). Koehler (1917), and Daderlein O0271. Kwhlcr Hated 35 sea stars 
as known from Kergtielen, of which 20 are littoral. Most of the.se have 
since been found widely distributed in the subantaretu*. Perha|>6 the 
m(«t familiar of the Ker^nicleji sea stars i$ Uptychagifr kerguelerten$ig, 
described by Smith (18701 from collerlinns made by a Hrllish jmrty that 
went to the island in 1875 to obst'rve the transit of ^Vlm8. Several 
specimens were also collected by the (‘haUrngrr when it visited Kerguelen 
in 1874. The brooding habits nf this phanerozonir star (page 204) were 
described by Wyville ThoiiiMni from ('haltcnger material in his famous 
arljcle (1878) on brooding in erhiruKlerniH of high M»urhorn latitudes. 

I he spccjOK occurs not only at Kerguelen but also at Marion Inland, a 
similar isolated island at about the sanie latitude hut much nearer 
Africa, and what seems to l>e only a slight variant has been found off 
Tierra del Fuegn. 


A considerable Hlinilarity obtains l^e^wcHm astertjids nf high nnrlliern 
and southern latitudes. At least one species. CcrantaH/rr po lagan icug. 
exhibits ''bipolarity,** that is. is common to the two regions but lacking 
between. This speeu*^ weurs from the IVring Sc»a to the (lulf of Cali- 
f<»nua and again in (he Magellanic and Falkland Island region, and 
according to Usher (1911. 1910) is identical in these locations The 
goaus PteraHlcr. with about 30 species, has 7 of the«* in the antarctic 
uod 0 in the arctic. 'I'he ciivum boreal Pterastrr m»7i/arf> is scarcely 
distinguishable from the subnnlarctirP. ttbnmi. The mud slur Ctenodis- 
crispafas. which extends on the Paeifie Coast of the Ameneas in its 
typical fom from the Itering Sea to Panama, is represented in the 
suhantarctic by two very similar 8|>enes, proturafor ofT Chile and in the 
Magellanic region and ongUalis on the Atlantic side of the southern part 
'>f South America. 'Fwo i'ommon specie.s of European eoast.s, Astro- 
Pi'ctfii irregularis and Mnrlh, glacials, range down the western coast of 
far a** the Cupi- Verde Islands, (hen recur at the (W of 
tmod Hope a.< xlight geographic vuriaiUs. Many other cases of species 
N nil aiuy between the higher northern aiul s^mthern latitudes could be 
n ui. Of ..nirs<. it is always possible that the s,K*eie« crosses tropical 
. rtos m deeper water, but this does not seem to be the ease 

Trent ""t “"‘y «> 'Vide l,oruo„tal but also a 

Kr at balhymefrtral rattge. extend from the upper littoral or even inter- 
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tidal 2 c)nf lo arrhibenthal or even abyssal levels. Data on bathymetrical 
ranj?e i>f common North American and European species are given in the 
works of Fisher {1911, 1928. 1030), Mortensen (1927), and Koehler 
(1924). The mud star Cienodiscus cmpafws occurs from the upper 
littoral zone to 1860 m., probably more; PUroiltr militant ranges from 
10 to 1 100 m.; H ymenasUr pellucidut from 15 to 2800 m; and CrossQilif 
papposHs from the upper tide limit to 1200 m. On the other hand, a 
great many asteroids are limited to arohil)enthal and abyssal levels and 
aiT never seen except in the deep-water dredgings of collecting expeditions 
'riu* asteroid material colle<’ted by the Porcupine and some other ships 
In the general region of the British Isles, from the Farces to Spain, was 
combined with the Challtnger asteroids in the Challenger report by 
Sladen (1889). The Challenger dredged over a wide area, chiefly in the 
8(»ulherii Hemisphere, roaehing depths of 5000 m. The North Atlantic 
has been extensively dredged. Its northern section from Norw'ay to the 
Fai'oos was early investigated hy the Norwegian North Atlantic Expe- 
<liti<m (Dunielsson and Kortm. 1884). later by the Michael .Sar« North 
Atlantic Deep Sea Expeditions (Grieg, 1900. 1921); further information 
about Norwegian a.steroids app4*ars in Grieg (1928). The middle part of 
the North Atlantic, cspceially the Atlantic (‘oast of Africa from the 
Metlitorranean to the Cap<* Vcixic Islands, was exhaustively dredged by 
a su<*ct*Hsion of voyages sponsored by the oc*ea nographic station at 
Moimeo (Perrier, 1896. Koehler, 1900), following the earlier report 
(Perrier, 1894j on the eehinoderms dredged by the Travaillcur and the 
Talimnan in the same area. In the Indo-Paeifie the main reports are 


those of A I roe k (1893) and Koehler (1000) on the collections of the 
hiveeiigalor In the Hay of Bengal and the Arabian Sea, that of Fisher 
(19)9) from the Albatross dredgings in the Philippine area, and that of 
Ma< nn (1938) from the John Murray Expedition to the northern part of 
the Indian Ocean. The latest report on the deeper asteroids of the 


West Indies is that of H- L. Clark (1041). Main reports on the Panama 
region are (hose of Ludwig (1905) and H. L. Clark (1013, 1920). The 
numerous antarctic and subanlarctic collections have already been 
mentioned, and Fisher (1040) has summarized the knowledge of the 


asteroids of these areas in his Discoitry report. 

The extensive data thus made available show that the deeper ocean 
waters harbor a lai^e asteroid fauna, but many of the species appear to be 
of limited distribution or at least have been taken only once or only in a 
restricted aiva: in the following account only common or widely distri • 
uted species are mentioned. One notices at once that the maionty o 
deep-sea asteroids belong (o the Phanerozonia; the families Porcellan 
asteridae and Benthopectinidac arc almost exclush'ely found at consider- 
able to groat depths. Knowledge of the Porccllanasteridae w'as 
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by the ChaUeiiger collections which cootaincd around 15 species, whereas 
the German Deep Sea Expedition took but S members of the famil.v 
(Licberkind, 1932)^ some the same as the Challenger species. Porcel- 
lanasUr coeruleue (Fig. 130-1 ) was disoo\ered by the Challenger dwelling 
on blue mud at 2200 to 2400 m. off the eastern coast of the United States 
and is a regular mem tier of the deep-water fauna there. Eremicaeter 
lenebrarius is found from Alaska to the (lalapagos and again off eastern 
Africa at depths of '2000 to over .VXH) in., having l)een taken at 5121 m.; 
and R. pacificus inhabits similar depths off the Paeihe (’oast of North 
America and in the Panamie jfgion. HyphaloKter parfaiti oeeui's from 
Norway to the .\xores, also off (lr<*enlaiid. at depths of 2400 to 5400 m. 
Other porcel la naste rids repi*atedly taken in the eastern North Atlantic at 
depths greater than 4000 m. include Slyraeaetcr elungatuK, npinoum, and 
horrid II H. and Thoracaeler cijlindralui. 'I'lie deepest recoixl for asteroids 
U that of the porcellanoatorid Mb<Uroeta$ter richardi. at 0035 m. near 
the Cape Verde Islands (Fig- ICiSB). 

The Benlhc>|>ectinUlai* ap|)oar to have no littoral represonlatives, 
being limited to archiln'nthul ami especially abyssal \suters. Jicnlho- 
peclen armatua (■ is spread througluuit the whole North 

Atlantic to the West IndMv. PcclinasUr filholi (- renus^us) is one of 
the moat common abyssal speeje.s of the eastern -Atlantic, and P. agaesizi 
la common in the Panainic I'cgion and probably widely spread in the 
ludo'Pacihc as slight variants. 

The Astropcctinidac contain a numl>er of abyssal sperie.s, especially 
of the genera Plulonaaler, Dyfaafcr. I*itilasler, Hathybiastcr, and Persephon- 
aaicr. Pluionaeter hi f ran a and no/a f ms are common in the eastern North 
Atlantic, and agaesizi and rigid us occur throughout the North Allant i<’ 
to the West Indies; some other species of Plufonaster are characteristic 
of the West Indies. Pcrsephonaster palagiatus is one of the most common 
abyssal species in the eastern North Atlantic, and P. graeilie has been 
taken in the Indo-PaciBc at depths below 3(XX) m. at localities between 
Zanzibar and Japan. Psilasier pectinatus is a rather common abyssal 
species from the Bering 8ea to Panama, and Thrissacanthias penicUlaiue 
is an archibentbal astrot)octini<l in about the same region. Dytaeler 
giiberli (includes dcmonslrans) is an abyssal Panamic species to over 4000 
m. Psilasler androineda is a common boreal species ranging from the 
upper littoral into the aby&sal from the Murman coast to Greenland and 
southward to the Cape Verde Islands. liathybiasUr vexilti/cr (includes 
ro6u^/us) inhabits archil>eiithal and abyssal waters throughout the 
northern part of the North Atlantic. 

In the Goniasteridae, the genera Pseudarchaster, Paragonaaler, 
Rosaeter, Mediasler, Is’ymphasler, and Ceramasler arc the chief ones 
containing abyssal species. F seudarehasler anneclans is widely spread in 
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Fio. lC£.-^AbyB»fil asteroids. A. high srrtic phsnetozonir sUr. Tyfatif wiUei (loinib 
Astcropidae) Dani*l*»on and Koren. I8M). B. r)io»l abyssal known astoroid, AiM 

trottaier ricAarrfi (family Porcellanastoridae) (o/for Koehler. 1900): note larjtO two-jo*"^^ 
pedkelloriae. C. pedicellaria of B. enlarged. 1. anus: 2. madreporito; 3. epiprocisl con(>' 
4, pedicellariac: 5. terminal ossicle: 6. supracnargiaal plates: 7. cribriform organ. 

the North Atlantic, and fallax occurs in its northern part; 
occurs throughout the Panamic region, and jordant and mozaicvs ar^ 
found in the Indo-Pacific. Pard^>iasfer sublUU under various names is 
common throughout the North Atlantic at depths of 2500 to 4700 
and stfnostichus is arch i ben thal in the Indo-Paoific. Rosnster akxanan 
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is an abyssal West Indian species to 3500 m. The genus Mediasier is 
represented in deeper waters mainly by ornaius found at archibenthal 
and abyssal depths at Hawaii and in the Indo-Parific; .V. 6oi><fn occurs 
off the eastern coast of Norll. America from m to 1300 m. Kymphaster 
annata is common in the North Atlantic in archibenthal and abyssal 
waters; A', diomfdcae is a charartorUHr Panainic sp^n-ies. and X. moebit 
is recorded from a number of deep UK*alities in the Indo-Pacific. Cero- 
HiGS/er granularh appears widely spread in the North Atlantic from the 
littoral into the abyssal; ('. btdltaOn is limited to the eastern part of this 
area. Tyhatrr wiUci family Asteropidaei may be mentioned a rare 
abyssal sea star of the high arctic (lig. 108.1). 

Most of the SpimiWwtt from deefX'r waters Moug to the PleraMendae. 
Of other families may l«‘ mentionetl Heitricia abyssatif^ from the eastern 
North Atlantic at to ‘>'20 m.. Lophaxf^r archibenllial in tlie 

subant a re tic, Sol aster aby.^siroto off the eastern nmst of North America 
at loOO to 3H0() tn., and SotanUr bor<atis in the North Pacilic at 100 to 
1800 m. The iuemlH‘rs of the Pu•ra^te^id^^e are typically inhabitants of 
nrchil)eutha) and abyssal waters. es|M'cially in higher latituclc.K. A 
number of abyssal s(H‘cies of tiymrna^frr have )H*en re<‘(mie(l from ant- 
arctic uik) subanlurtie dnslgings but mcM»tly have Ihtci taken only once. 
Several HijtucnasUr .sixties oceur in deeper waters in the Panainic region 
(reviewed by H. L. Clark. lOliOK <>f s4-veral abyssal spei‘ies in the 
eastern North Atlantic, the nicest common an' nymeuftHter yiboryi. rex, 
uiul roseu>^: //. pellneidns (Fig- I IKi. common in far norlheni waters from 
(Ireenlatid to SiU'rla, deseends to 2WK) tn. Some sjKTies of Ilymcnaster 
also iiihnbil deefM'r waters off the western coast of North America. Of 
the Reims P/rras^rr, with about 30 simtUv. mostly inhabiting littoral and 
archihenlhul waters, may be menlioiii'd yibtfrr and stellifcr in the sub- 
antarctic, jordant off tlie west coast of North America, and the abyssal 
reductHs in the eastern Atlantic. 

AmouR the forcipulutes the families Brisingidac and Zoroasleridac 
arc almost exclusively abyssal, with some ascent into the archibenthal. 
Some of the more common brishiRid species aix* Hrisiuga endecocnemos, 
Rrining^Ua coronata. and Oihnift robusto in the eastern North Atlantic; 
l''rci/vUa seiradiala over the North Atlantic at depths of 4000 to oOOO m,; 
Bruinga panamensis and Freyelia innignis in the Panamic area; and 
Frtyella Jragilissima and fielgiccita raeoeitzanQ in the antarctic. Freyelia 
tubemtlala has a peculiar distribution in (he Atlantic and Pacific Oceans, 
having been recorded from the Panamic region and the vicinity of the 
Cape Verde Islands. In the Zoroasteridae may Ix? mentioned '/joroaster 
/u/j7cn«, found on both shies of the North Atlantic, and Zoroaster ophiurus 
and nTmanni (Fig, 162) and M yxoderma saccutahtm and platyacanlhum, 
off the Pacific ('oast of North America. Two forcipulates not belonging 
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to tliesc families are common in abyssal waters of the eastern North 
Atlantic, namely, Xeomorphasier ialismani, recorded to 6413 m., and 
PfdicellQsler gexrodiatus. 

From this survey of the asteroids of deeper waters the impression is 
gamed that they are surprisingly restricted in distribution, in view of the 
uniform conditions obtaining in the deepi'v parts of the oceans, A great 
many a re hi bent ha I and abyssal species occur in the eastern North 
Atlantic, ranging from v'arious northern points southward along the 
Atlantic (‘oast of Africa, but few of these I'each the western Atlantic or 
the West Indian region. Another group of species is limited to the 
Panamic region and rarely found elsewhere. A large number of arebi* 
l>cnthal un<l abyssal asteroids are re|K>rled from the antarctic and sub- 
ant arctic. but many seem to have lieen taken only once and most appear 
limited to definite localities. Most surprising of all is the general lack of 
widely spread nsleroitls in the deeper waters of the Indo*Pacific aix*a, 
out insufficient collecting may account for this impression. 

In perusing the taxonomic literature of asteroids one is struck by the 
great variability < I is played by this group. Many species seem to spray 
out into nu array of sul>spoei(^ and geographic variants. Many of the 
Hp<*<'ies in the classical accounts of Sladen, Perrier, Koehler, and so on, 
have been shown to In* founded on t<K» small or too variable difTcrcine.s 
and have fallen into synonymy. The nuwi experienced specialists not 
infrccpicntly .seem unable to decide whether specimens belong to distinct 
specie.'* or not. .Vdtiing confusion to this variability is the tendency for 
related species to hybridise, prcMlucing puzzling specimens. A numhor 
of <*nses of hybridization are rrport«l in the works of Fisher. 

27. Ecology : Biological Relations. The .Vsleroidoa are subject to 
the usual variety of parasites and commensals. However, only one 
internal protc^zoau parosite has bwn reported, Orchitophf^ro sfrtlaruvi. 
belonging to the aslomatous ciliatos (I, pag<' 18111. which inhabits the 
gonads, destroying them. This creature was first noti<CHl hy (YpMc 
(1907, 1910), who found it in only three males of huncJn*ds of specimens 
of Afiterias rubcua oxamimKl (Fig. I70,H- The idea that it infects malej 
only was disproved later when the parasite was found in both sexes of 
Astcrias vulgaris (G- Smith. 1930) and A./orbfsi (Piatt, 103*1 ; Burrows, 
1930), although males seem to l>e more subject to infection. Several 
ciliates have been reported from the external surface of asteroids, aim 
some of these lielong to genera confined to a commensal existence. 
Uronemn digiti/ormis and Hemispeira asferiasi were found by Fabrc- 
Domergne (1886, 1888) on the aboral surface and papulae of 
glacialis. Trichodina a«/erisci and Lichnophora astcrisci wore noticed by 
Gruber (1884) on the aboral surface of Astfrina gibbosa, Precht (1935) 
reported Rhabdoslyla arenaria and Trichodina astcricoh on the podia and 
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papulae of Asterias ruhen^ iu the Bay of Kiel, and alill another Trichodina 
{T. OitropectinU) occurs on Astr&pecten f>ispino6V9 {Chatton and \ ille- 
neuve, 1037 V 

A creeping ctenophore, ('orhplana nsfericoh, slithers about on the 
surface of EckinasUr hizofiicua. hut not other asteroids, at Amboina and 
the Kei Islands (Mortenseii, l‘J37i: its blotched red-and-uhite pattern 
contrasts cuiispicuously with the brown color of the sen star. Tur- 
bellariaris of the family rmagillidae til, page 140) are uucocniuon in 



ho. ini). «t ostertri'b. IMviinol im»I> fImeU .IfWo*- oHf^ricota iu Vhe 

ainhiiluc nil of .\0lrafHfUh irrtffulnets. Co p«rlK ieul» in lli^ mv*\ w* (Kc A»(rO‘ 

f*^ctfn hCacIi Io uikc^'I n IhvuIvc; io Ctir ntxo wicli » (onnnpxiBst 

Arhlne, i\ i.ocn rueLlihg hv CW tuli|» lorOioii tn TI>or»on, Ui<* worm srtually 

|imU iln liuHil itilo thp dCoirinrh Co »1 «hI food. l/j/«uriA0 6|r //. irin/Arr, eotirtf$y 

ff (f. TAAmnq.r 

asteroids, being li mi Usl ttione sinries, I*t< rouft rirola Uthiovi < lb*klcinichev, 
I0ir>), inlinbiciiig the intestine of thn*e arctic sikm Ics uf !*Ura«trr on (be 

Murmati eoust. 

Aiinelitls of the polyelmelc family Poly o old ac are well-known com- 
mensulK of asteroids. Achfor a^ttriroia has long been known as an 
inhabitant of the ambulacral grenwes of Asiropcclcn irrcj?ufaritf, further 
on Mediterranean species of .Isfroprcfen (ac^ranefoena and ^tapmo^ua) 
and on Luiditt cifiaria (Cu^not, 11112). This author found as many os 
six specimens on one AMropfrten, a large one in the ambulacral groove, 
and hvo sinall ones among the paxillac and maiginal plates. Davenport 
(1953). making a special study of this polynoid on British coasts, found 
75 per cent of .4. irregularis infected, usually with one worm in an amhu- 
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lacral groove. Upon being removed from its host, the worm returns to 
it and also reacts positively to Asiropeclen tissues, also to those of other 
phauei'ozonic stars, especially Lvidio, but not to parts of forcipulates; 
water coinijig from the host asteroid was not attractive to this worm. 
Another polynoid. Ilarmothof lunulaia, also occurs on AstropecUn 
irregularis in British waters (McIntosh, 1874, 1900) and on species of 
,l$^ropcr/ca at Naples: //. imhricaia is foiind in the ambulacral groove of 
amurtnsis off Japan (Okuda. 1938). and this .same asteroid also 
harhoi-x Ualofujihiouies vittaia, further found on Californian asteriids. 
Species of .l/'C/on<X' occur on a numl>er of Puget Sound asteroids, and the 
relationship of Arctoiioc (ragilis to Ei'asterias troscheii has been especially 
invcstigatetl by Davenport (UJoO) and Davenport and Hickok (1951). 
This polynoid is definitely attructe<l to its host star and can distinguish 
between water coming from an aquarium containing its host and water 
from other astenmls. or plain sea water. Attractant water loses this 
property within a few horn's after the host star is removed from it. 
Another type of polyehaete, PahHc pugeitensis, n>ay occur in the ainbu- 
lacral grooves of Or caster occi*fcnialis and other asteroids of the Pacific 
C'oast of North America (Hieketts, 1041). A myzostonie, .Ui/20Sfo»m 
asivriac (von Mnrenxeller, l89o; Stmnmer-Traunfels. 10D3), occupies an 
enlargomonl at the base of the pyloric caeca of one or more arms in deep- 
water species of the genus SclerasUrias in the eastern Atlantic. 

Asteroids like other echinoderm gnm|)8 ore subject to attacks by 
parasitic snails, some living on the external surface, others in the iiitcnor 
Parasitic snails of echincalerms have lieen well reviewed by Koehler nii 
Vaney (191*2), Vaney (1913), Pelseiieer (19*28). and Habe (1952). Jhey 

generally lack a radula and show other signs of parasitic degeneration. 
The genus Thyca (family (‘apulidae. related to the boat shell Crcpiautof 
is exclusively parasitic on asteroids in warm waters and adheres to ^ 
host by a fixation disk in the center of which is found the mouth. T 
crystailiua, astcricola, cctoconcha, and pvnucida 81*0 found in the “nihulanfi 
grooves of I ndo- Pacific species of Luidia, and Thyca stclhskris 
170f’) occurs fixed to the marginal plates of Stcllastcr eques/ns. 
MclaticlUdae (» Kulimidae), also ectoparastic, are represented _ 
il/c/anc//a aslericoia on Asterias soiaris, .V. brrviuscuh on 
typicus, M. astcriaphita on an unidentified star, .U. cgucstris on 
marginal plates of SicUasler equesiris with proboscis piercing the o ^ 
wall into the interior (Fig. 170^), M. os^repcc/rntrofa on the oral sur 
of .4s^ropcc/cn pohjacauthus and macuhla. and .1/. robusla 

the former. The StiUferidae are wholly parasitic, often 
and have undergone varying degrees of parasitic degeneration, ^ 
often covered by a body fold, the pseudopallium. Asteroid paras ^ 
of this family include ^fucronal^a palmipcdis on Anficr&poda rosoc 
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Pig. 170 .* -I'uranUe^ of axloroUb. A. aatviiiatQU'* riliatc. Orcfiilop^rpa afrilurum. from 
lti« K' nuln of AMefiaa spariax CfpiJr. 1910). B. MAaatUc e^uewlnt. purasillc' artaif on 
etfiirairia. with prohoocw thrust (hrouch t»©dy wall into th« interior. C. parositic 
nnall. Thyca HellaeterU. one female and two enueh smaller males, on the aboral surface of 
•'Sfrffasfer njuftlria. (fi. C, AfSrr Kothlrr aitci l'aa<|r, 1012.) D. eopepod S<oti6mifiQ 
0 >^ 6 er«m. paraalilo on the surface of Attrrio* ruheiu <tf/frr the -Scoff «, IdOS), K. parasitic 
burnuele. DtfuimQoalar. removed from the coelom of Lf^aateriat ^r^nlanHien (o/fer Fuhtr. 
10(K)}. ). marginal plates of sea alar: 2 . gonad: 3. proboscis of snail; 4. egg sacs; 5. female 

0. inaJos of Thf/c^; 7. main part of barnacle. 
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in the Indian Ocean, with long thick proboscis sunk into the best, 
Stilopex philippinarxim on the peristome of Coscina^terias acuiispina^ 
ovoidcus inside the arms of Certonardoa icmiregulariSy S. linckiae 
on Linckio multiforQ and .Yarrfoa pauciforis, S. ulinomii inside the arms 
of Linckia gnildingi, and 5- ophidiaslericota inside the arms of Opkidia$Ur 
cribrarium and lorioli. Two other gasteropod end ©parasites of asteroids, 
both of uncertain taxonomic position, merit mention. Ctcnosculum 
haxvaiu nsc was found by Heath (I9t0> inside a swelling of an arm base of 
Hrisinga cvcrmanni, drx'dged from (>00 tn. off Hawaii; the body of this 
snail \vu» covered by a pseudopallium, and the cavity it occupied opened 
to the exterior by a slit. Asferophih japonica (Kandall and Heath, 
191*2; Ha be, 1952) inhabits the coelom of the arms of Pcdicellaalcr 
magis/cr. off Japan, and lacks commumeation with the exterior, 

Arthrop<Hl parasites of asteroids include copepods, hornacles, and an 
amphipod. The o<*curi‘cnce of the parasitic asterocherid copepod 
Asteroehcriff lilljct>orgi (Gieshrocht, 1899) on the surface of llfnricio 
savginnolffila has long been known; it moves alnmt among the spines 
and cling.s tightly on attempts at removal- Another asterocherid, 
Scottoingson gibberumj was found by the Seotts (IH9o) on Asfertas 
along Scottish coasts; its very plump cephalothorax (Fig. 170/>) indicates 
parnsitic dcgeiierutioii. Dcsignalioii of Astericola clamii us a parasite 
of asteroids Is based on a single female taken on .UorM. glacial%f< at 
Trieste (Uosoll, 1888). LichomolguB ofiterinae lives attached by its 
antennae to the ubora! surface of Asteritia gibhosa (Hoccpiet, 1953)* 
Asteroids are sometimes infestetl with mend)crs of a parasitic group of 
barnacles termed Ascot horacica (Knipowilsch, 1891, 1892; Hoi, 190*5, 
1907; <)ka<la, 1025; Yosii, 1931). In asteroids these live in the coelom 
us a highly lohulated or branched object (Fig. 170^) known to be a 
barnacle by its production of typical barnacle larvae. Rccoidcd occur- 
rences in asteroids arc Dendrogasfer aaicricoia in Crosxasfer papposus. 
flcnricia sftitguinolrnla, and other spinulose stars; M yrior/adus arltorcitfcns 
in the phancrozonic Dipsacoulfr $Iaffe»i; M. liidwigi in Kchtnasfer faUar; 
M. arbusculuft in Hippasicria ralifornica and Poraniopsis inJlQtd (Idshcr, 
1911); .1/, okadai in Co^ctn. rafomano,* M. astropeciinia in AsiropfC/c'i 
scopariua: and an unidentified ascot hora clean found by Fisher (1930) m 
two cases in the coelom of Lepiaat^rias groenfandiea, where tliey had 
considerably damaged the host’s gonads. caprellid amphipod Podoli^ 
ms Igpicita is a well-known associate of Aateriaa rvbfns ((‘u^not, 1912), 
not \*ery obvious on the host h 3 ' reason of its small size and transparency* 

It occurs any^vhere on the surface of the sea star, hanging on by the 
hooks at the ends of its appendages, and will not leave the host even 
when subjected to anno^'ance. Durham (1888) noted that the rapreilid 
feeds on the surface slime of the sea star, for its digestive tract became 
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blue following injection of a blue dye into the host. The most remarkable 
associate of asteroids is the pearl fish (page 243), which has several times 
been found inside the coelom of Culcita (Mortcnsen, 1022, 1931). It 
appears Impossible for the fish to gain the coelom except by making a 
hole through the stomach wall. 

Whether the stomach of sea stars seel'd es a toxic substance was 
considered above (page 372). C. Parker (1881) n'corded that two cats 
that ate a Crossa^itcr papposus soon lK‘came violently ill and died. How- 
ever, sea stars are eaten by other animals, mostly other echinoderms, 
with impunity (Kicliellmum. UMO: Hull, 1931). IbHionbouse aud Ciul>cr- 
let (194t)) .state that other invertebrates avoided (he mucous secretion of 
herasUr leifn-lofHH and (hat gaMrnp<Hl>, crabs, an<l a cucumber placed in 
a jar with such mucus died in 28 to oO hours, hut (he conditions of the 
experiment are not clearly MaUni and appart'utly no control jar was set 
up. .Apparently asteronls do secrete aomelhing that evokes reucliona 
in other animals. Schiemenz l IHlMi) not<al that the snail Xatica responds 
to contact with the p<Hha of Axlfrian ruh^n9 by thr<iwing a fol<i of skin 
over the .shell, thus preventing the p«slia from getting a grip (Fig. 171/^). 
Similarly another .snail. Xasta. having l>een louclied by tin* podia of 
A. ru/«ns, takes flight by violent lea|)s (Fig. 171.1). Scallops swim 
away on ccnita< t with asteroids. esjM'eiully .l/ar//i. glacialis (von IVxkUll, 
1012: 1-ecornte, 1932) ; the latter author showinl that other s|H'i’ies are less 
or scarcely at nil effective and that some cbernieal stimulus emanating 
from .1/. glQfiaUs is al least partly responsible for the flight reaction, as 
flight is also evoked by application of ground material of this .species 
hut not of other asteroids. Hemiett (1927) rejjortod a marked reaction 
of //a/io(is to contact with Co^cinasteriai cahmoria; the abalone moves 
away at top speed, violently swinging its shell from side to side until it 
hiw shaken oft the sea star. Bullock (19.>3) ol>Herve<l similar behavior 
of limpets (.-Icmnca) and other (’alifornian gastropcnls to contact with the 
podia of several kinds of local forcipulatcs: they would rock their shells 
violently and move rapidly away. The reaction is evoked by dead podia 
and may occur before actual contact with the asteroid's podia, an 
indication of some sort of chemical emanation from the sea star. The 
common (’alifornian spiiiulose star Paliria mtniafa does not evoke the 
Indmvior. The MacGinilies (1949) record the retreat of .sand dollars 
into the* sutui in the presence of brevispinux. 

Data arc available on the growth of a few com j non species of asteroids. 
Asttriax forhem (Mead, 1901; Oaltsoff and l^oosanoff, 1939j spawns ofl 
the New Fngland coast in June, and by (he end of (his month multitudes 
of minute stars 1 mm. or less in diameter may be found in the seaweeds, 
The.se increase to a maximum diameter of 10 to 11 mm. bv the end of 
of July, 35 mm. by the end of September, and 50 to 80 mm. by the end of 
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('Ictober. Growth declines during the winter but is resumed in early 
summer, and spawning usually occurs in year-old specimens, even at a 
si^e of 32 mm. G. Smith (1&40) states that Asfertos vulgarh attains a 
diameter of 35 mm. at the end of 1 year, 60 mm. at the end of its second 
year. Milligan (1916) noted that well-fed captive specimens of Crossasicr 
pappOHus grew from a diameter of 40 mm. to one of 90 mm. in slightly 





J»ic. 171.— Flight rMCtions Ot snail* to AUtri^% A. h»ving 

been touched by the j)Ocliu of th« »ea star, eseapoa by leaping violenlly. •' 
on eontoct with the clrnw* a fold o( the foot over luelf. prcaenilng a slippery 

on whk'h the podle cannot get a grip. fry Poui H. H'tWfrrr. Murtttu « 

Thorton.) 


more than a year, or an increase of about 1 mm. per week. Mortensen 
(1927) is of the opinion that Cienotiiscu^ mgpefMS attains full sue in ^ 
years, Psiiostcr andromcHa in 4 years, and Pscudarchastcr pareUi in 4 years 
or moi'e. Data <m the growth of .tg^erias rtifeens have lM?on furnished b> 
Orton and Fraser (1930). Hull (1934), Vevers (1049), and Barnes and 
Powell (1051). It is indicated that this species attains a diameter o 
40 to 100 mm. during its first year of life, growing mostly in summer, an 
generally spawns at I year of age. At this rate of growth C or / 
would be required for this species to reach its maximum size of 70 cm. if' 
diameter. 
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O. CLASS ECHINOUDBA 

1. Definitioii. — The Ecbinoiiiea are peutamerous eleuthero^oan 
cchinoderms of globose, ova), or discoid shape, oriented with the oral 
surface downward, provided with two to five, mostly five, gonads, and 
covered with spines borne on an endoskeletal shell or test of closely 
fitted calcareous plates arranged in 20 meridional rows, 10 ambulaci^al 
and 10 inlerambulacral. of which the former are pierced with pores for the 
passage of the podia. 

2. General Remarks, The ecbinoUls include marine animals com* 


inoiily known as sea urchins, heart urt'hins, and sand dollars. As 
ubi(|uitous and eonspiruous inhubitunts of the .sea, the cchinoids were 
known to the ancients, and several difierent kimls >vere described by 
.\ristotle, who applie<l to the common Mfsliterranean urchin the name 
pckinoa, moaning literally a hedgehog, and .surviving in (he name of a 
common genus, Echinu$, whence the name of the class. However, 
i^ciciitifie knowledge of the gn»up liegan aixmt lt^2o and progressed 
vigorously throughout the nineteenth century, but iniere.st hasKoniewhnl 
declined in recent decades and mixst 2 (MilogUls aiv aware of echinoids 
chiefly as a source of eggs for experimental pnrpt»«*8. (Icnerul accounts 
of the class are given by J. \V. (Irogory (I'.kK)) in l.ankeslers -I Trwiui 
ftn zoology^ by H. Ludwig and <). Ilaniann iHMM) in [Ironn's KlaxHfv 


wnd Ordnungtn <Us Ti<rreiehg, and by L. C'ucnot (UMKj in (iruHsi^^s 
Iraile de zooloyir. The two-volume work of Jackson (11112), /^fiylogcny 


o/ the Echini, remains a classical reference. The colossal Monograph 
of the Echinouitn by Morlen.'Mni (1928 l9ol} in 15 volumes, primarily a 


systematic work, was fortunately completetl lH*fon? the author’s death, 
hut a further volume, intemk^l to contain a general account of the class, 
has not been jnihlished. Valuable articles on orhinoid morphology are 
those of Lovt'ui (1874), Koehler (188:i). Ilamann (1887). Prouho (1887), 
('u^nol (1891a), and C'hadwick (1900). Agassiz’s (1881) l•ep(>rt on the 
eohinoids collected by the Chaltengrr liegan a long series of reports on the 
cchinoids taken on marine collecting expeditions that have added much 
to our knowledge, especially of the systcmatics, of the group. A large 
literature, much of it not piTtinerit lieix*. also exist* on the experimental 
f^mhryulogy of ecliinoida. 


Because of their imsM'ssion of a continuotis calcareous theca or test, 
cchuioida preserve well as fossils and occur in abundance in the rocks, 
hcginiiing in Middle Ordovician. ('onse<iucnt)y, there is also 
available a large literature on foswil cchinoids; extinct forms together 
with pertinent literature are included in Morlensen’s monograph. The 
following account concerns only the existing eohinoids, and the definition 
given above also excludes the fossil members. Coosideration of fossil 
cehinoids \\il| |>o limited to the systematic sun'ey. 



rm)mT «cHinoid9. A-G. Trip«e»9t<i " 

>nlm riEMl r •# w of peristome- C, *Iob) fcrou 8 * ,| 

dicell ftria . fT, ophiocephslous pedi .cl I » n • . > . oui ‘ , 
ium from top- 1. •mb«J»cfum »ilh double ro 
... 1 . porUtome: 4. spioes: 0 . mouth occupied t>y o 

, buoofti podia; 8. moutb rim: 9. P^d ®"„2ve 

. ^aode of head; 12. slaods of btalk; 13. skoJetal rod; U, jews, io. v 

or ebdeskelotei piece ol >awa: 18. adductor muecle. 
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A. coUHt in Mortfusou’s moD<>graph revealfi that there are about 750 

described existing echiiioUls. 

3. External Characters. The echinoids are sutKlivided into regular 
and irregular groups, and it is desirable to consider these separately. 
The regular echinoids, equivalent to sea urchins, are typically of globose 
shape, usually more or less flattened at the poles, but some are oval. 
They pivsent dllTerentiated oral ami ub^^ral surfaces and, as in the 
Eleutherozofl in general they move upon the oral surface, which is 
consequently nu)re civ loss flattened or even concave, whereas the aboial 
.surface is moderately to highly archcsl. The most conspicuous external 
feature of a sea urchin is the anna tun* of th jelly placed spines. The 
spines may be all of approximately one sire (Eig. 172.4), but usually 
those of the* oral and a bora I an'as are shorter than those around the sides, 
mid generally, also, the anna tun* eonsists of an intermingling of large 
and small spines dc*finitely arranged (Fig. I73(’i. In some the spines are 
generally short (Fig. 172.1), in otlicrs hmg; and some d hide mat ids have 
short spines on the oral surfact* and very hmg and .diui'iily point(*d ones 
uhurally (Fig. 17ti/;), reaching up to a focM in length. 

In addition to the spines, one ncUice.* on the exlornul surfac'o of irgular 
urchins, esperially live ones, the five double row.s of pcHlia c*x tending in a 
perfect pcMituradiate arrangement from the oral to the ajHind region of the 
animal (Fig. 172. t). The pislin thus define five ambulucral ureas, and 
between these lie the five interambulacTal ar»*as. nsiiuUy wider than the 
uinImlacTa. The pcnlia. usually providcnl with terminal disks, although 
these may be wanting on the almral iHKlia. are very slender and e.x tensile 
and can be elongalc'd to protrude beyond the spines. Both spines and 
podia are used hy sea urchins in loc'omolion. 

In the centcT of the oral surface is found the mouth, from which there 
generally protrude the live hard tefth l»e longing to the chewing aiiparatua 
. {lantern of ArUtotle). The mouth is surrounded by a eirrular, more or 
less soft and mcnihronous area, the periitotne, which usually edges the 
mouth opening with a thickened rim or lip. Xear the mouth the peri- 
stome bears a circlet of five pairs of altered podia, the buccal podia (Figs, 
I72B, 173/0, probably of chemorcceptive nature; they are usually short 
and stout and provided with a circular, oval, or reniform disk (Fig- 172F, 
b’). The peristome may l>o more or Ichs nakml but usually is provided 
with small spines and pedi cell art ae (Figs. 172//, l73/i) and contains 
embedded plates for the support of the buccal podia. Xi the edge of the 
peristome in the iuterambulacra! areas are borne five pairs of little bushy 
structures, the gilU, presumably of respiratory nature (Figs, 172^, 
173/f, F). Gills and differentiated buccal podia are wanting in the 
order Cidaroidoa. In the cidaroids (Fig. 173E) and also in the family 
Kchinothuriidae (Fig. 222C> the podial rows and their supporting plates 
continue over the peristome to the mouth lip. 



I'to, 173. Ku«rnal fpatum oJ rp«ular pcUmioUIk (nuitinupclf. A. triphy'J^ 
«'cllotiu of Tripnoiifcs. H. oral viem' of pumtiyiala. a riJaroid urfK 

</ani trihuloidce. Z>. a primary spin* oi <\ B. oral surface of Buddarii. F. giil 
ncua/«r. (Alt from life, Bahamas.) I. ambulaecum wjiJi double row of podia: 
3. iolerambuloorum: 4. spines: 5, peristome: 0. pedicellariaei 7. mouth with five 
chowinK apparatus: 8. mouth rim: 9, bwceal potlia: 10, ei)b: ll. shaft: 12. collar; I 
ring; 14. cylinder of musrle fibers: IS- skeletal rod; 10, primary .spines: I", secondar 
18. ambulacra of perisotome: 19. iotprambularr* of peristome. 
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At the aboral pole there also ocours a membranous area, the periprocl, 
usually containing one to many imbedded endoskcletal plates, commonly 
provided with small spines and pedicellariac. The anus is located some- 
where in the periproct, often near its center but also often in a markedly 
excentric position. In the regular echinoids, the oraUaboral axis, 
extending from the mouth to the center of the periproct, forms an axis 
of symmetry around which most of the Uody parts are pcntanierously 
arranged. 

Between the perii^lome and the periproct the body wall is rc! id vied 
hard and unyielding by a continuous cndaskcletal /iheU or tes( nmde 
of closely and immovalily fitted calcareous plates that support the 
spines, except in the family Kchinothuriidm* and some members of the 
Diadomatidao in which the plates of the lest arc imbricated, so that the 
body is leathery and mon* or less flexible. Viewed from either the oral 
or aboral surface, the circumference of iho test, callwl the ambitus, 
is generally circular, although sometimeA slightly pentagonal tFig. 
172dj, and rognlurly oval in some gi'iieni as Erhiuometra (Fig. 228.1). 
The cchinoid tost is undoubtedly cmnpuralde to the theea of extinct 
Pelmatozoa. 


In the irregular eehinoicb the |M*ripr<K't. mcludirig the anus, has 
moved out of the center of the abc^ral surface, and ifie line of its jelreut 
along one of the Interambulocrn i‘stalilishes an avis af f dial oral synuoctry 
that obtains throughout the irregular forni.x. .\nterior and posterior 
ends are thereby also established: the interambulai ruin Inserted by the 
plane of bilateral symmetry l*oeom<*s posterior, since It lum.ses the 
P<Tipro< t, and in the opposite direeiioii the symmeiry plane Insects one 
of the ambulacra that thcn'by 1)ecome8 the anterior uinbulacrum (Fig. 
174d, B). This anterior ambulacntm is numbeml III on Lov^n’s 
system (explained later i. universally umhI by ndiiiioid H^’slemutists, and 
the posterior internmbulacrum is 5 on this system; (hey correspond to 
ambulacrum 1) an<i interambulacrum .\H on (he ('arpenter sy8(em 
adop(od here. The ambitus in irregular erhiuoids varies from oval or 
cordiform (Figs, 174. 1, 175/i) to practically circular (Fig. 177A). The 
body is flattened orally and may be aivhed aborally (Fig. 175.4) or 
more or less flattened aborally, greatly so in sand dollars (Fig. 177C). 
\'ith the ix^tivat of the i>erlpro<'t from the eciiier of the aboral surface, 
the plates of the test close together heix*, muiiitaining an aboral center, 
but this IS often .shifted anteriorly (Fig. 174.1 \ or posteriorly {Fig. 231//). 
rrom »t the five ambulacra radiate over the aboral surface. Their 
pioxirnul parts aliorally are nearly always altered to a jMstal-like shape, 
80 that on the aboral surface of irregular echinoids the petals or pelahids 
0 the ambulacra form a flower-like figure (Fig. 175/?). The podia of 
»c petaioids are altered for respiratory purposes and are not employed 
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in locomotion. On the oral surface of irregular echinoids the mouth and 
peristome may occupy a central position (Fig. 177B) or may be displaced 
anteriorly, often greatly so (Fig. 174B). The ambulacra continue over 
the ambitus to the edge of the peristome wherever that may be located. 
Gills arc wanting in all irregular echinoids. 

The main groups of existing irregular echinoids are the spatangoids 
and the chjp^asiroid/i. In the spatangoids, or heart urchins, the ambitus 
is oval or rordiform (Fig. 171.4, H) and the aboral surface more or less 
arched (Fig. 175.1). The aboral center may be shifted anteriorly or 
posteriorly, but a.s the peristome is ah^ays displaced anteriorly, the three 
anterior ambulacra take a shorter course over the ambitus to the peri- 
stome than do the two posterior ambulacra (Fig. 174^), as the latter 
must curve around the p<xHteriorencl and then extend forward. The three 
anterior ambulacra are <iftcn si>t»ken of as the trivium, and (he posterior 
ones as the bivinm, but tfic.*;e do not cc^rrespond morphologically to the 
trivinm and blvium of holothiiriuns. The anterior unibnlncrniTi is 
generally not altered jnti> a petaloid in s|>atangoids but h^rms a narrow 
l»and of even width iM'iiriiig on each side a single row of podia. On the 
aboral surface the other four ambulacra, often called ll»e paired ainbn- 
laera, fc»rtn petaloids that may Im‘ flush with the Mjrfaee or more or less 
indented (Fig. 171.1). 'I*hc p^ripnMU. supj)ort<il by a number of small 
plates, Is located in the ptwlcrior intcrambulacrum at c»r near the posterior 
end on either aboral or oral surface (Fig. 17 1/^). The |)<*ristome, also 
filled with small plates (Fig. 184.1), is displaced well fc^rward and Is 
bordered posteriorly by a lip-like projection td the posterior inter- 
nrnhulHcrurn, culled the hhnwt (Fig. 175.! ). The presence of the labruin 
forces the peristome ijito un oval or somewhat cri*scentic sljope (Fig. 102,4 ; 
the peristome plates are iniKsing from this specimen). The oral end.s of 
the ambulacra surround the perlsKmie. alfernallng with the much 
narrower inlerambnl.a< ra. und an* somewhat expanded into a petal-like 
''Impe, called a phf/llwie (Figs. 171/^ !<)2.l). The phyllodes are pierced 
by large poix's for the pa.-^sage of s|K*clal mmlified p<Hlia (see later). On 
the oral or ventral .surface the two p<jsterior ambulnera are very long and 
narrow (Figs. 174ff, 102.1) and eiieUwe belween I hem a long und fairly 
'vide part of the jHWterior inlerarninilacrum that is called the plasiron 
(or fiternum) and may I»e provided with a spiTiul .spinalion. The plastron 
extends from the labvum in fnmt to the perlproct Miind. Shortly in 
front of the periprewt. the p^wterior ambulacra broaden, and each 
provided with a single row of a few large p,>dia, (he podia the 

por<‘.s for which are shown in Fig. 102.1. Apart fmm these the podia 
along the ambulacra ls?(ween (he phyllork-s and the pefaloids are usually 
much ix‘duced, and even rudimentary, and generally limited to a single 
row on each side. Spatangoids lack locoinotoiy podia but have sev- 
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era! other kinds, altered for a variety of nonlocomotory functions (see 
)ater). 

The spatangoids are clothed with spines of small to moderate length, 
often showing size and shape patterns with ix'ference to body regions 
(Fig. 235.4, B) and usually curved and held parallel to the body surface, 
appearing as if comljed back. Peculiar to spataiigoids are narrow hands 
composed of thickly set minute spines called clavules that arc shaped 
something like a miniature tennis racket (Fig. I87f7) and are heavily 
ciliated basally. The clavulcs arc .<aid to maintain a water current and 
to assist in i'cmoving sand grains from the tost. The tracts of clavulcs 
arc called /aectofc.i, and there are several of these fascicles among spa- 
tangoids, named according to location as follows: the peripetaloun 
fascicle, encircling the petaloids and entssing the anterior ambulacrum 
(Fig. 191 £); the iniernal fasciole, enclo.dng the aboral apex and much of 
the anterior ambulacTum (Fig. 23o/)>; the su6ono/ fasciole enclosing the 
posterior part of the plastron anterior to the |>t*nproct on (ho aboral 
surface and also embracing the su banal podia (Fig, 11^2.4); the anol 
fusciolcH, running from the angles of the subanal fasciole back along either 
side of the periprcK“t (Fig. 102.4 ) ; the marginal fasciole along the ambitus: 
and the lalrral or takroanal famnoles that extend from the pexsterior angles 
of the pcripetaloua fasciole Imckward (owanl the posterior cnid (Fig. 
236 /^). No one spalangoid has all the pt»sa<iblc kinds of fascioles, but 
many have two or three, and the kind of fasciole prtwnt furnishes an 
important generir distinctiem. The m<»st common kinds of fascioles 
ni‘C the subanal and the peripotaloux. 

Among the spatangoids. the family Pou^t»]e^^^da(» is notable for 
peculiarities of shape. Although some memt>ers uiv of simple oval form, 


most are triangular or pyramidal or Imt tie-shaped, with a short (Pour- 
tnle^Q, Fig, 1750) or long {Kchinomgra. Fig. 174/;) neck. In both, the 
periproct is situated on the almral surface of the narrowed end, and the 
peristome is located on the oral surface of the brewd end near the margin. 
I ho Pourtalcsiidae lack petaloids and phyllodes, but as both aboral center 
and peristome are moved anteriorly, the ambulacra show the typical 
spatangoid differentiation into short anterior and long posterior groups. 
Lab rum, plastron, and subanal fasciole are present. The Pourtalcsiidae 
inhabit deep waters and are known only from the collections of dredging 
expeditions. They were first seen by Pou rial's while dredging at 600 m. 
off the Tortugas (reported by Agassiz. ISCUj and astonished zoologists 
hy their strange sha|)e and fragile, transparent test. 

The clypeastroids include the types of irregular echinoids known a.s 
sand dollars or <'ake urchins. They usually have an ox'al or circular 
ambitus and typically are greatly (lat^ened in the oral-alioral direction, 
although members of the family (.'lypeastridae aie not infrcn^uently 
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arched dorsally, as the common West Indian sea biscuit Clypea^ter 
ro6ac€us (Fig. C). The more typical flat sand dollar shape is 

shown in profile in Fig. !77C. The body is covered with a fur of very 
short spines. The aboral apex is generall 3 ’ centrally located and is 
KuiToimded five petaloids (Fig. 177.4), often showing bilaterally 
symmetrical size inequalities. The peristome occupies the center of 
the oral surface (Fig- 177^), and the pcriproct is also usuallj' on the oral 
side, occurring anywhere along the line of sj’mmetty of the posterior 
iiiteramlnila<Tum from the peristome to the ambitus. The oral side 
also hoars grooves radiating from the peristome to the ambitus. When 
there are five .simple grooves, as in Ctypcatster (Fig. 176.4), they occur 
along the center of the ninlnilaera. When the furrows branch, as in 
Mt'llitQ (Fig. 177/0 and Ro1ut<i (Fig. 178/0, they are not very definitely 
related to the ambulacra, except at the i>enstomc, and spiead over into 
the interambulacra. Ph.vIhMles, fas<*iole8, and other peculiarities of 
spatangoids are wanting in dy|)eastroids. 

In several genera of sand dollars, the l<»st is perforated with two or 
more round to elongated holes, the lunuictt. that t.vpically arise as marginal 
indentations and l>ecomc enclexW by the growth of (he test; but in some 
eases they form in *//« by local resorption of the test. The keyhole 
urchins of the genus Mtltifa are familiar examples of clypeustroids with 
lunulos (Fig, 177.1, //). Another variant is seen in the genus Roluh, 
with a number of jn'mianent indent at jon.s along the posterior margin of 
the test (Fig. 178.4. //). 

The Fchiiioidea are in general animals of small to moderate size. 
The smallest form.s occur among the saiul dollars, some of which arc no 
more than 10 mm. In diameter, .\iuong the regtdar ocbinoicls. the 
larger species attain u diameter of 10 to 15 cm., exclusive of (he spines. 
Some large forms occur among the spatangoids, where (he common 
Indian Meoma rcfUricoaa (Fig. 174.4) may jvach a length of 18 cm. The 
largest urchin.s })elong to (be deep-sea family Kchinothuriidoc, the 
memf>ers of whi<*h tend to a largi* size. The largest existing echinoids 
occur in this family, viz., 11 >ftjroM>ma hoptacant/ia. Ijtdo- Pacific, with 4 
test diameter of 28 cm., and Sperosomo yiyanfriim. .fapan, of which 
the only known .specimen has a test diameter of 32 cm. (a little over 
1 foot). 

Echinoids are usually coIoixhI uniformly in plain, dark shade.s, nio>' 
commonly green, olive, brown, purple, and black, although some nrc 
pale or nearly white, and (here are a few jed urt'hins. Typically, ^hc 
spines and body show the same eol oral ion although contrasting in 
species. The spines are sometimes prettilj' eros^«-banded in a contrasting 
color or may have contra-sting tips. The conun on Diadema 
of the West Indies (Fig. 176/» is uniformly dark purple or almost hla< 
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when mature, but in the young the spines are cross-banded with white. 
The young of this species are able to change the color of the test and 
spine bases to pale grey and while by the contraction of the melon ophores 
that contain the }>laek pigment (Millolt. Hh>2). Color in echinoids may 
he loc alised in such pigmoni cells or may occur as masses of granules in 
the dermis. 

4. External Appendages, These comprise (he spines, p edirellana e. 
sphaeridia, p^^lia. and gills. It is to be uudcr.st(«Kl ihaT In life all of these 
are covered with cpUlcnnis. 

0 . Spines.- The spines, never wauling, ore one of the most rharacter- 
isiic features of echinoids. They are usually differentiated into two 


main sizes, the larger, or pjiimarif. spines (also called radioles) and (he 
smaller, or eccondaeA/. spines: very small spines arc termed Icrtiary or 
miliojj/. In regular urchins the primary spines occur in meridional rows 
extending over the (esi from i>eripr<M*l lo peristome, and the secondary 
spines aic also more or less arranged in a pal tern. These patterns aie 
more evident by examining the tulM*reles on a denuded test. Whereas 
in many common genera of ix'gular urchins, as Echinus, Slrongi/focc/Urotus, 
Tripncuslcs {Fig. 172.1 1 , there is no siriklng size difference f>etween the 
primary and secondary spiiu's and intermediale sizes may occur, in others 
the dilTcreuco is eoiispicuous. Notably, the cidaroids have very largo 
and stout primary spine.s (Fig. 173^), whereas the secondaries are reduced 
to .small flattened spine.** encircling tin* basi* of each primary spine (I'ig. 
179/1) and also «'overing the areas bclw<*on the meridians of ))riaiaries. 
The regular family Kchiiiomelrnlae al.so often shows an extreme contrast 


between the primary and secondary spines, as in !/ekroecntr 0 (us nin»\- 
inillatuH. with large elul>-sha|x*cl primary spines and secondary spine? 
reduced to short, flat -topped slnicluros fonning a mosaic over the surface 
(Fig. 178/>, E). In another eehinometrid genus, Cohboccntrotini. all 
the aboral spines are reduced lo this short, thick, flat-lopped shape, 
l)or<lered at the nmbitu.s with a eirele of broad, flaticned spines (Mg 
\7S('). The spinal ion of Coiohorrntrotus is considered an adaptation to 
life on rocky shores l>epleii by surf. Secondary spines are poorly devel- 
oped in the family Arhaeiklae and arc wanting in the genus .dr^acr*!- 
Both primaries and sS<*<ondarie.s show size variations with respect to 
position on the test, Fsually in regular urchin.s all spines increase in 
from the poles lo the ambitus that therefore customarily hears the 
largest and longest .spines: but spine length may incn'ase from the oia 
to the aboral surface, as in /}i<t//emo aniUtarum (Fig. l70/>). Spines; an 
usually longer and more mimerou.s on iiiterainbulacral than on amhU' 
la oral areas. 


Less size varialioii is s<*<*n in im*gu1ar urchin.s. where 
generallv short. es|>»*rial!v in clvjH*ustroicU. IViniaries an 
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in spatangolds on certain areas between the petaloids and on and to the 
sides of the plastron, as in the common heart urchin Echinocordtum 
cordatum (Fig. 235.1, B), but these larger spines are curved and lie 
against the tost, appearing as if combed back. 

Spines arc mounted on tul>erc]es of the lest, considered later, and 
therefore have an indented base that fits over the tubercle to form a 
h nlUnnd.socket joint . Above the base there is a projecting circular ledge 
known as the milled ring, marked by Kroo\es so that it resembles the 
milled edge of a coin (Fig. 173/)). Extending from around the tubercle 
to the miUo<l ring Is a circle of longitudinal muscle fibers by which the 
spine can be pointed in any direction. Above the milled ring a short 
smooth band, the collar, may l>e present* and distal to that the main part 
of the spine is termed the shaft. Although the shaft may appear smooth 
(0 the nake<l eye, it is nearly always found on microscopical examination 
to lie ornamented in some fashion or other. Very often the surface is 
longitudinaUy striated or fluted and may be provided with longitudinal 
or eiiTulur rows of tiny thorns (Figs. 173/), 1765). Sometimes, however, 
the spines are nm«*ros<*opi rally thorny. The spine is usually solid but 
has a central In men in some eehinoids* as the members of the family 
Diudematidao. as well as most spatangolds. It is hollow in the regular 
family Kehinothuriidac, with a thin fluted wall pierced by pores con- 
necting the surface grooves with the Interior cavity (P'ig. 180/i). ' 

Spines occur in a great variety of shapes as well as sizes. The 
typical spine is straight, circular in cross section, and tapers uniformly 
to a pointed or blunt tip. However, spines may be triangular in cross 
section, ns In the arhaclld genus Cocloplcurug (Fig. 180A’); the huge 
primary spines of ffetcrocentrotug (Fig. 178/)) are also somewhat tri- 
angular in section. Spines are often curved, notably so in the murh 
figured species Hcsiodiadcma inrficum, in which the primary spines 
exceedingly lojig, slender, and curved, so that their tips, widened on tlw 
oral spines, touch the ground (Fig. 223£.'). Spines are frc(|Uetitb 
flaUenecl. either throughout their length ordisfally. The small sccondar.v 
spines of cidaroids arc much flattened (Fig. 173C, E), as are also the 
ambital spines of the curious genus Colohocentrotui (Fig- 1780. Curved 
flattened types of spines may 1)0 useil for digging, as in spatangolds. 
minute clavules borne on the fascioles of spatangolds are distally flatten^ 
(Fig. 1876’)- Among many other variants of spine shape some of th^ 
most bizarre may be mentioned. In most memlKTs of the regular fami } 
Echinothuriidae. the primary spines of the oral surface hax'e broad white 
ends, somewhat resembling hoofs, that contrast sharply with the spmc 
shaft (Fig. 170*/). In the cidaroid Ctdaris blakei. the aboral pn manes 
are widened into an oar-like or fan-like shape (Fig- HOf), and in another 
cidaroid. (loniocidaris rlypeata. the primary spines at the aboral ends o 
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tho spine rows terminate in Ulsks so that they resemble muslirooais 
(Fi^. 17^)/^)- Tho short, Imiad. flat-topped aboral spines of certain 
echiiiomotrids were a)roa<ly mentioned (Fig. I78C, B). Peculiarities 
among c‘lyi)oastroids inrlude the expanded tips of the aboral spines of the 
Scntellidae (Figs. 177^*, 170f’), and the terminal crowns of the secondary 
spines of the oval side of the Laganidae (Fig. 179F). 

Spines are soinetinies arrompanied by glandular tissue, usually of a 
poisonous nature. Poison spines are l>est developed in the family 
LOehinothuriidae, especially in the genus Asthenosoma. In this gemis 
the aboral spines an* more or les.*^ encased in a thickening of body-wall 
tissues. This thickening, ringed and pigmented, covers the whole of tho 
pjimary spines, giving them a tinger-like appearance, but its histological 
sti'ucturo is not well known. The s<*condary spines of A s(hcnoso»io, 
espociully .1, varium, are definitely known to l>e poisonous. They occur 
in five double rows in the interamlnihicra of the dorsal surface and aic 
conspicuous i)y rt'asun of their l>hie poison bags. Those bags arc com- 
posed i»f connective and museuhir filxTs enclosing a poison sac thol 
surrounds the tip of the spine (ihe Sarasi ns, 1888, Fig. 17U(/). The ssc 
is fillo<l with a toxic fluid, apparently secivtod by the lining epithelium, 
aiul omitted when the spines are touched. It is said that handling 
.1. vorium is a very painful experienee. Similar thickenings, possibly 
conlalning poison glands, occur on the spines of other cchinothuriidsi 
as on the oral pri mark's of some species of Phormoaoma (Fig. 179//) and 
on tho aboral secondaries of AravOKoma (Fig. 170A'1, At one side of llw 
base of the secondary spines on (he aboral side of the rid amid Cidam 
cidaris them occurs a sw clling (Fig. 189/'). usually said to be glandular, 
although Prouho (1887) found the swelling to be caused by flu id -filled 
cavities in the connective tissue. 

The spines, like the rest of the endoskelcton, am eomi>osed of calcM *) 
cavlipaaW in the form of caleite intermingkKl wit h orga i )k__aubs^^*‘ ' 
the calcareous part has the usual fenestrated construction. The details 
of spine structure differ and are constant for each species. In generali 
the calcareous material is arranged in a somewhat radiating fashion 
around a central calcareous mesh (Fig. 180/>) and often consists of 
wedges alternating with fenestrated areas. The spines of cidaroio 
dilTer from those of most other echinoids in Ijeing covered ex ter nail)' witli 
an extra layer in the form of a thin hard cortex that carries (he externa 
ornamentations (Fig. 180.1) and also lx?ars hair-like projections. 1 hcsc 
form a felt on the surface of cidavoid spines that gives them a characfci" 
istic woolly appearance and that permits the attachmejit of all sorl> 
debris and of other organisms. A cortex like that of c id avoids may » 
present on the spines of .\rba<niduc. usually limited to a cap over t 
spine cuds (Fig. 180C). 
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6, Fcdicclldriac.- -VUc podiwOlariat* arc minute appendages of the 
test peculiar to the echinotlcrni classes Echitioidea and Asteroid ea and are 
best developed and always pix'sent in the former. In echinoids they are 
borne abundantly on the tost Ijclwccn the spines and on the peristome, 
also sparingly upon the |)o rip root. Thej' consist of a head composed of 
three movable jaws (rarely two or four or five), mourfied on a stalk of 
varied length. Kach jaw is .supported by an internal calcareous piece 
U‘alrp) lhat determines its -shape, and the stalk contains an internal 
skeletal rod that may reach the head or stop short of it, leaving a short 
or long stretch of flexible “neck.” The jaws arc operated by closing and 
opening imusclc.s, and the head is movable on the stalk. There arc four 
general kinds of oeluuoid pedicellariae, although each kind occurs in 
numerous shape and size variants; in fact, Morlensen regards the pedicel- 
lariae as important taxonomically in species discrimination and has 
numerous illusl rat ions of them in his monograph, c.spccially of the cleaned 
valves. 

I The fours kinds of pc^l ic'd lariae are the tridentate or (ridactyk, the 
friphi/llotix or frifolinte. the ophiocrphalous, and the ^flobifprous (also 
called (jetumiform and yhndular). The tridentate type is the largest and 
very common; here the head consists of three elongated, distally nar- 
rowed jaws or blades (Fig. 172/^), often with serrated edges; usually the 
jaws meet only distally and ore »eparato<l basally by spaces. A variant 
of the tridentate type with shorter, curved jaws, called rostrate (Fig. 174C) 
occurs in spatangoids. The triphyllous pedicellariae are small, with 
short, broad jaws that do not meet distally (Fig. 173/1). Tridentate 
and triphyllous types with only two jaws, hcncc more correctly called 
bidentate and biphyltous, are common in clypeastroids, especially in the 
sand dollar family Scutellidae (Fig. 181 /^). Quadridentatcs (Fig. 1810 
are found in the family Saleniidae, and qui/iqucdentates, or livc-jawcd 
tridoutates, occur in the clypeastroid family I.aganidae (Fig. 181 W* 
Ophiocephalous pedicellariae, found chiefly on the peristome, have short, 
stout, inwardly concave jaws with blunt tips (Fig. \72E); their valves are 
provided with a basal arc or handle (Fig. 181.4) whose interlocking 
holds the grip when the jaws arc closed. Both triphyllous and ophio- 
cephaloiis pedicellariae are lacking in cidaroids, which then*foi‘e have hut 
two kinds of pedicellariae. The most interesting and specialized type is 
the globiforous, provided with poison glands. Each jaw termiualcs 
distally in a sharp tooth bent inward, or a group of teeth, and has a 
rounded, plump appearance because of the presence of a single or bilobed 
or double glandular sac in its wall to the outer side of each valve (Fig. 
I8l£). The glandular sac is filled with a toxic secretion that discharges 
by one or two ducts opening just proximal to the terminal tooth or teeth. 
In many urchins, the glohiferous pedicellariae are furnished with poison 
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S&C8, not only in the head but abo encircling ihe stalk (P'ig. 1726'), and 
provided with individual exit pores. The preseticc of such stalk glands 
may lead to atrophy of the head, resulting in a claviform pedicel) aria, 
consisting only of the stalk with its throe poison sacs (Fig. IS2£). Stages 
in the degeneration of the head o<*cur as in PU^iodtadema (P'ig. 182Z>). 
It appears that rla\'iform pedic'cllariae may derive from ophiocephalous 
as well as from glohiforous typos. The glohifovous pedicoJlariae of 
cidaroids differ from those of olhor echinoids in that the poison sacs are 
lodged in cavities in tho valves (P'ig. I8U/, //) and lack a mu.scular sheath. 
Globiferous pedicelluriac are wanting in spatangoids and in a numl>er of 
families of regular urchins, as Fchinoihuriidao. Salcniidae, Arhaciidac, 
Aepidodiadematidao, and Nfioropygidae. Ocnerally in globiferous 
pediceilariae, the supporting rod extends throughout the stalk up to the 
head, so that a fiexihle neck region is wanting. In other types of pcdi> 
rellariae such a flexible neck of varying length is usually present between 
the base of the head and (he top of the skeletal rod. 

A very peculiar type of pcKlicellaria, called daclyhus, is found in the 
Fchinothuriidao and may l»c a variant of (he globiferous type as it 
possesses poison sacs. The dactylous type reaches its extreme develop* 
ment in species of Araroncma^ where it consists of four or five jaws drawn 
out into a long narrow sha[)c. (opp<'d by a terminal dis<'ifc>rm expansion 
(Fig. l83/f). These uni<iuo p^’diccllariuc were first made known by 
I homson (1874) from the dcop-sca dr^slgings of the Porcupine in the 
North Atlantic off western ICuropc. Stages in the evolution of the 
dactylous type that are loss modified from ordinary pediccllariae also 
cxwt, as in Araeesowm (helidis (P'ig. I83.tj, in which the valves are 
heginning to lengthen and show spoon>shape<l ends. 

The function of the pediccllariae is discussed under physiology. 
Here it may be said that they bite intruders, possibly catch small animals 
as food, and deport unwanted particles off the test. 

c. Sphacridia . — These arc minute, glassy or transparent, hard, solid 
bodies of oval or spherical shape borne on the ambulacral areas of all 
echinoids except cidaroids. They svore discovered by Lov4n (1874), who 
gave a considerable account of them, especially of their number and 
location in dilTerout echinoids. They are situated in the center of the 
ambulacrum or at its sides near the podia and extend from tbe edge of 
the peristome toward the ambitus (P'ig. I83C), or if numerous, even 
around on the aboral surface to the periproct. When only one is present 
Ml each ambulacrum, as in Ar6a«Vi, it is found close to the edge of the 
peristome. Usually in regular urchins there are several to many sphae- 
ndia, arranged alternately on the two rows of plates of each ambulacrum 
und extending from the peristome to varying distances depending on 
t ‘oir number. In the irregular echinoids the sphaeridia arc commonly 
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I ionic in grooves, depressions, or almost closed cavities, each of which 
harbors one, two, or several of them. Among the spatangoids the 
sphaerulia are usually situated in depressions on the plates of the phyllodes 
and along the two posterior ambulacra that border the plastron (Fig. 
'S4iA, B). In some species of Lot'enia each sphaeridium is enclosed in a 
rounded elevation opening by a slit (Fig. 1840, D). Among the clype- 
astroids, also, the sphaeridia are usually almost completely enclosed. 
There is a single such sphaeridium in each ambularral area near the 
peristome (Fig. 184£) in a number of genera, as Echinarachnius, Dtndras* 
ter, Mcilifay Encopc, Rolula, and Laganum; whereas in ClypeasUr and 
/Ircchwoldcs there are two cnclased sphaeridia at the beginning of each 
ainliulaerum near the peristome (Fig. 185.4). The .sphaeridia are borne 
on minute tubercles of the tost and are usually provided with a stalk 
supported by an internal calcareous mesh (Fig. 184F). This mesh may 
continue more or less into the interior of the sphaeridium, but the main 
body of the latter consists of concentric calcareous layers (Fig. 183F)- 
The sphaeridia are probably organs of etiuilibrium. 

d. PoiHar In regular urchins the podia arc arranged in five double 
rows on the ambulacra (Fig. 172.4), extending, symmetrically spaced, 
from the peristome to the periproot; in the Cidaroldca and the Echiiio* 
thuriidue, the rows of podia continue over (he poristume to the edge of 
the mouth (Fig. 173£), so that special buccal podia oix* wanting in these 
two groups. Apart from the buccal podia already mentioned, the podia 
or tulK* feet of regular urchins are mostly of the locomotory type. They 
are long and slender, capable of great extension, and pro\dded with s 
terminal disk or sucker supported internally by a circle of several cal- 
v^arcous pieces. The stalk of the podium is sti'cngthenod by calcareous 
spicules, mostly of C shape. Not infrc<iucntly In regular urchins, the 
podia of the aboral side lack terminal disks and simply taper to a bluntly 
rounded end. They are therefore papillate podia, serving sensory 
functions. In cidaroids the podia, although provided with terminal disks, 
ure not well developed for locomotion, w hich is accomplished primarily 
by the spines. 

The greatest diversification of (he podia is seen in the spatangoids 
(Lovi^n, 1883) where none of the several sorts serve for locomotion as thjs 
is accomplished by the spines. The pctaloids of the aboral surface are 
occupied by the large, thin-walled, leaf-like, more or less lobulatcci 
branchial podia (Fig. 1800), devoid of skeletal support and believed to 
•erve respiratory purposes. The frontal podia of the nonpetaloid anterior 
ambulacrum vary from a simple tapering shape to types topped with a 
more or less scalloped or stellate disk (Figs- 185^, 18C.4). The podia o 
the phyllodes, corresponding to the buccal podia of regular urchins, a^ 
greatly altered to a type termed pcnicillatf. in which the expanded end is 
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covered with erect clul>shaped projections, each supported by an internal 
}*kelctal rod {Fig. 185C. D). The pcnicillate podia are chemoreceptive 
and assist in gathering food. From the phyllodes along the ambulacra 
in the ahoral direction np to the potaloids, the podia decline to very 
small, slender forms, except for the few large podia that are enclosed by 
the sn banal fascicle and hence are called subanal podia. These may 
lesemble the penioillatc podia of the phyllodes or the frontal podia 
(Fig. ISOr). The various type# are supported by skeletal rods and 
<lisks and by spicules in the stalks (P'ig. I SO. 1-0* 

Simpler conditions obtain in clypeastroids where there are mostly two 
kinds of podia, (he large simple or lobulated branchial podia of the 
petuloids (Fig. \S(yE, F) and the very numerous, small, suckered podia 
that cover much of the tost, occurring on interambulacral ns well as 
am bn In oral areas, They assist the spines in locomotion and also gather 
food- 

r. GUIs.- The gills are small, thin-walled, arborescent outgrowths of 
respiratory nature (P'ig, \7ZF) found at the edge of the peristome in all 
regtilnr nrchin.s except cidaroida hut entirely* wan ling in irregular ccin* 
noidx. There is a pair of gills at the beginning of each in I era rnbula era 1 
area, erne to each side of the interambulacruin (Figs. 172/^, 173/^). The 
gill In men op<‘ns into the ]>criphar.vngeal coelomic cavity (hat surrounds 
the lantern of .\ristotle (P'ig. 194.1 >. 

6. Histology of the Body Wall and External Appendages. - -The body 
wall consists of an external epidermis, a middle dermis of connective 
tissue, occupied almost wholly by the eiulaskeleton, and a cockmhc liiniig 
in the form of a flattened flagellated epithelium. The epidermis is s 
oiiedayered epithelium whose e<*lls vary from a low cuboid a 1 to a cohimnor 
shape and may bo more or lew separated by fluid-filled spaces (P'ig. I8l>//P 
Tile epidennis is ciliated throughout except oji I he lenniual disks of podifl 
and similar e.x|>o.srd places and is usually said to he provided with s 
cuticle. In some ro.s<*s. as in Diadema (the Sara si ns. 1887), the epideniu^ 
is heavily supplied with gland cells, here of two sort.**, granular and non- 
gran ular (Fig. At the base of the epidermis and not clearly 

differentiated from the epidermal cells occurs a thick nervous layer of tin’ 
ectoneural system (P'ig. I8W#, //).tThe dermis consists of the usual 
connective-tissue fibers and stellate cells (P'ig. 18(i7): it fills (lie inter* 
sticcs of the endoskoleton and is evident only after dccalcificolioM> 
Spidery pigment cells are of common oecurrence in the body wall in or 
beneath the epidermis: color may also reside in heaps of granules in the 
dermis. .As the presence of the test makes the body wall rigid .md 
immovable, a regular iMKly-wall musculature is superfluous anil is 
absent except in the curious family Kchinolhuriidae (see later), b* 
other echinoids muscles are limited to the movable appendages of th** 
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body wall, as spines, pedicellariae, and so on, and to the masticatory 
apparatus or lantern of Aristotle. 

The various external appendages have the same histological con- 
struction as the body wall. The spines in life are clothed with epidermis 
except where a cortex is present, as in cidaroids (Fig. 180-4) in which the 
epidermis disappears as the cortex differentiates. The epidermis is more 
or less ciliated, especially in young spines; the cilia t ion tends to disappear 
with age except around the spine base which generally remains fully 
ciliated. Gland cells are probably generally present. The bases of the 
clavules of the fascioles of spatangoids are notable for their heavy 
cillation (Fig. I87(»). Chromatophores are typically present in the spine 
epidermis. The ectoneural or sul>epi dermal nervous layer forms n ring 
around the spine base, innervating the epidermis there for sensory 
purpasos un<l also the spine mus<*nlalure. This nervous layer often 
ascends to the tip of the spine, (*specially in particularly sensitive spines, 
as the clavules of spatangoids and the rotating spines of CentrosUphonvs. 
As already indicated, each spine is f>orne on a tubercle of the test on 
which Its concave base fits to form a hall-and-socket joint. In many 
urchins the center of the tubercle l)oors a deep pit into which there 
exleinls from the center of the spine f>asc an clastic ligament. Such 
tul>erclcs are termed per/ornte. llencalh the nervous layer the spino 
base and tubercle arc cncir<4e<l by two muscle cylinders (Fig. 187.1) that 
differ physiologically. The outer cylinder consists of ordinary muscle 
fibers that by local contraction rausi* the spine to point in the direction 
of the stimulus. The inner cylinder Ivlongs to a physiological type called 
< og musculature that by means of tonus increase can hold the spine in a 
given position for a long time. Both muscles are of the .smooth type, 
composed of long slender fibers with froyetl ends (Fig. 187('). Their 
outer ends are attached to the milled ring of the spine, and their inner 
ends aiv continuous with the eorine<’live tissue of the interstices of the 
plates of the lest. Mention has l>een made of the rotating spines of the 
di ado mat id ('cnlroslcph<inii9 lonffisphnis. The.>e are primary spine's 
around the perlproct, of conspicuous violet coloration, that aie kept in 
coustaiit r<jtary motion, so that their clulv-shaped ends describe a circle. 
Humann (I887i has investigated their histology and found (hat the outer 
tnus<0c cylinder, composed of cross-striated fibers, is very strongl.v 
developed, extending halfway up the shaft, whereas the inner cylinder 
U scarcely evident. The epidermis of these rotating spines is poorly 
ciliated but frocjuently thickened into sensory* hillocks provided with 
stiff sensory hairs (Fig. I87F). 

The i>edicellariae are morphologically ec|ui valent to spines and are 
similarly constructed and related to the test- The base of the supporting 
rod of the stalk is articulated to a minute tubercle of the test by a ball- 
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und-soeket joint also encircled by a muscle sheath. The pedlcellariae 
are clothed with epidermis of varying height, and the interior consists 
of dermis in which the valves and rod of the stalk are imbedded and 
which nlt<o contains numerous calcareous spicules. Chromatophores 
are frecjucntly present, mostly located in the dermis and sending their 
sindcry processes into the epidermis. In pedioellarlae, the ectoneural 
nervou.-i layer leaves its .sul>opi<lcrmal position and courses through the 
dermis as .separate nerves, mostly three in number (Fig. 1877>) that pass 
into the head l»o tween the valves through Che adductor muscles, inner- 
vating these mu.-iclc.s ami the lining epidermis of the jaws. This lining 
eiiidcnihs is heavily ciliated and well supplied nervously, but definite 
sense organs are lacking except in the globiferous type. The pedicel- 
la riae in general are provide<J with thiw.set.s of muscles. The adductors, 
or jaw- openers, are three short, stout bundles located on the inner side 
of the jaws and extending between adjacent valves (Fig. \S7D, F). 
In the trident ate ty|>c they contain some striated fibers. The abduclom 
or jaw oiieners, less iHtwerfiil than the adductors, are attached to thr 
outer surfaces of the valve hascs and extend around these bases (Fig. 
187/^J. The flexor muscles that bend the head on the stalk extend from 
the oul<T side of the jaw baws to the lop of the skeletal rod in the stalk 
(Fig. ISW:’). When this r<«l ejids well below the head, the flexor muscles 
encircle the central ligujiienl that traverses this flexible region. The 
glof>ifcrous i)rdi<ellaruc arc histologically the most complicated, having 
on the inner stnfncc of each jaw u conspicuous sensory hillock (Fig. 1 88. U: 
in some cases thr<H' more such hilhM*k» are found near the jaw tips. The 
gland sacs air lined by a tall glandular epithelium underlain by a 
of circular tnuwle fillers (Fig. 182,1). The nervous supply is augmented 
as comput'd willi other ly|)cs of pedicel la riae, In addition to the three 
main trunks, each of which send.s ofT a strong branch to the corresponding 
sensory hillcM'k, a numln'r of other branches ascend the head- Glohifer- 
ous pod ice) hi riae usually lack a flexible neck region, as the skeletal rod 
of the stalk ternii nates just below the head, hut in the Strongylocentro- 
(idac this tyin* of pedicellaria has a highly muscular noek with flexor 
muscles composed of outer longitudinal and inner cirxmlar fibers (Hg* 
18 IA;). 

The sphaeridia also presumably represent altered spines and in 
urchins are mounted by a short stalk on a minute tn iercle of the test hy 
way of a muscle sheath (Fig. 184F). The whole is clothed with u ciliated 
(Epidermis underlain at the stalk ha-se hy a nervous ring. In clypeastroids, 
however, the sphaeridia are immovable and lack a nerve ring, according 
to Cu^not (181)1 a), although supplied with nerve fibers. 

The locomotory poclia terminate in a disk which is usuallj' circular 
Init sometimes scalloped (Fig. ISST): the disk is supported by skeleton 
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in the way of a ring of four to seven fenestrated pieces resting on an 
underlying fraoie (Fig. ISSC, D). The podia are covered with a tall 
epidermis of slender cells ciliated except on the terminal disk and well 
furnished with gland cells. Beneath (he epidermis there runs on one 
side a strong nervous strand that forms a thickening, externally evident, 
shortly below the disk (Fig. 188^). From this thickening two nerves 
proceed, one to each side of the disk, whore they join a nerve ring in the 
disk margin. There is also a thin ner\'ous stratum in the epidermis 
throughout the disk. The lumen of the p<Mliurn is lined by coelomic 
epithelium underlain by a layer of longitudinal muscle fibers that termi- 
nates below the center of the disk (Fig. 1 88 if). The rest of the podium 
is filled with fibrous cornier live tissue, typically containing numerous 
Crescentic or trifid calcareous spicules and of dens<'r consistency next the 
muscular layer. The connective (issue sprays out in (he disk into numer- 
ous strands that penetrate the epidermis (Fig. 188/^) and were formerly 
mistaken for muscle fibers. Papillate and buccal podia are similar 
histologically to loco mot ory podia except that (he former la<'k (erminal 
skeletal support, The histology of one of the predcHions of a pcnirillatc 
podium is shown in Fig. 18.*)/>- 

The gills arc evaginutiems of (he |)eristcMnc and bonce have the same 
histologh'ul construction as the iKxly wall in general. Then* is a very 
columnar ciliated epidermis of aKenuattsi cells, a dcrmi.s containing a 
skeletal lutthe. and a lining of flagellated cwloniic epithelium, ('oelomo- 
'•ytes abemud in both epidermis and dermiB, 

8. Morphology of the Test. — The Fehinoideu differ from all other 
hlcutheroBoa and resemble the Pclmatoxoa in that the body wall contains 
a continuous endoskeleton of closely fitted calcareous plates, leaving 
oidy the peristome and periprocl free. In all existing cchinoids this shell 
or test consists of 20 curved rows of plates, five ambulacral areas of two 
plate rows each alternating with five interambulacra I arcaa, also of two 
plate rows each. The ambulacral areaa are usually narrower than the 
nitcvambula<Tal ones and are also conspicuously differentiated from the 
latter through being pierced with pores for the passage of the podia. 
Ivchinoidca an* the only echinoderms, living or extinct, in which the pores 
for the podia pass through the ambulacral platcs. 

Ihe cleaned test of (he regular echinoids is a beautifully symmetrical 
object- Upon it the numerous tubercles that in life l>ear the spines and 
pedicel lari ae are conspicuous and are seen to bo arranged in a more or less 
icfiuitc pattern (Fig. 18D.4, C). The largest or primary tubercles occur 
m meridional rows with (he smaller tubercles more or less definitely dis- 
|)osed between the rows of primaries. Often each plate of the lest bears 
oae primary tubercle (Fig. 189.1, B), but a few to many may be present 
more or less horizontally arranged (Fig. 1890, D). Typically, the tuber- 
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rles arc larj^est and most numerous at the ambitus and decrease in aise 
and number regularly toward the poles: further, the tubercles are larger 
on the interambulacral than on the amhulacral plates. Each tubercle 
consists of a basal part, the boss, having the shape of a low truncate cone, 
surmounted by a terminal knob, the momc/on, that articulates with the 
spine (Fig. 189/i). The mamelon is perforate (page 188) in the cidaroids 
and the families Eehinothuriidae and Diuderuatidue, Around the base 
of the mamelon is a more or le.o definite narrow eireular area, sometimes 
marked by erenulations. The f>oss is eneirrled by a liare area, the oriole, 
to whieh are aHaeht*^! the museles op<*ralihg the spine, .Ground (he 
areole in cidaroids is seen tt ring iti S4*e«nulary tuben les called ncrohicuhr 
tubercles that bear Uic small si*coii<ljiry spines («rfof//Vn/r«). protectively 
cnciTcUng the base of the primary spine in this group (Fig. 18tl/i). 

The plates of the regular Xi^i are ccnnmoiily largest at tlic ambitus 
and decrease in size toward the poles. They an* elmigaicd horizontally 
and are five-sided with mc^re or less straight horizontal edges ( Fig. 180/?). 
The plates of the two rows of ouch double row nlteninte, and ns llieir inner 
edges along whieh they uhtI are slmpinl like an urron head, the plates 
dovetail and pr<'senl a zigzag line i»f meeting i Fig, I8(M k the outer edges 
are more or lew straight. All the plates are righlly and Immovably fitted 
closely together by ligamentous material except in the iv'hinotliuriidae 
and a few others (see later). 

At the aboral end of the test siirmiiiuling the p(Ti]>rocl is found a 
special system of plates called the /synt^m (Fig. I8t>.l, f’). This 

eoMsists of five larger genital |)lates in line with (he interumbulacra, each 
pierced by a gonoporo, and five smaller Irrminat (or ocular) plates in line 
with the ambulacra, each piertinl by a small iM»n* for the emergence of the 
altered terminal podium. One of the genital plates is lanter than the 
others and is peppered with numerous |><hi*k. thus revealing itwif as the 
madrcporic plate or madreporite. The madreporite con.stitutes the only 
depart u re from pentamerous symmetry noticeable on the external surface 
of regular urchins. The genital plates always border the peri p roc t; some 
or all of the terminal plates may or may not touch (he periproct. Those 
that do aie said to be ingcrl. those that do not are exscrl. Great impor- 
tance is placed by echinoid taxonomists on the relation of the terminals to 
I he periproct, but as it may alter during growth and shows a certain 
amount of variation in adult specimens, its value in species recognition is 
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r I uesti oji ab )<* - Ac ida roid i o w hi ch a 11 1 b e t er mina Is arc i nsert, altc rnatiug 
with the genitals to form a geiiitotcrminal ring encircling the periproct, 
is shown in Fig. 189A. Other arrangements with some or all of the 
oculars exsert arc shown in Figs. 189C and lOOA-D. According to 
Jackson (1912) all terminals are exsert in young regular urchins, and this 
is clearly the primitive condition. When during ontogeny terminals 
alter from the exsert to the iitsert position they do so in a more or less 
regular sequence. The plates of the apical system are provided with 
spines, pedicellariae, arid tul>ercles. Comparison of the apical system of 
echirioids with the calyx plates of crinoids as done by some authors 
appears illusory. The term corona is applied to the test minus the apical 
system. 

The periproct, although retaining flexibility, is strengthened with 
plates that also usually boar small spines and a few pedicellariae. Con- 
siderable variation is shown by the plates of the periproct. In the famil)' 
Saleniidac the periproct is occupied by one plate (Fig. 1904) that pushes 
the anus to one side, and it ap(>ears (hat in many regular uiehins the 
endoskelcton of the periproct logins as one plate (Fig. 190(’). Compari- 
son of this single plate with the centrodorsal of crinoids lacks sufliciont 
basis. In the Arbaciidae there are four plates in the periproct (Fig. 
190/0* In most regular urchins the periproct membrane is moie or less 
filled with many small plates (Fig. 190/)). The anus varies from a 
central position in the periproct to a very excentric location. 

The poristomifll edge of the test shows a teach side of each amlmlacrum 
a marked indentation or sliUlIke incision, known as the gill cut (l*ig> 
183(’), wheiein is lodged a gill. These of course ai‘e wanting in ciclaroids. 
On the inner side of its peristomial edge the test has a calcareous ridge 
called the pcrignathic girdle that serves for the attachment of the muscles 
of the masticatory apparatus. In eidaroids (Fig. VJOG) this ridge is best 
developed at the inlerambulacra, where it has a pair of projections called 
apophyses. In all other cchinoids the perignathic girdle is best developed 
at the ambulacra (Fig. 190£, F, //) similar projections are called auricles. 
The pair of auricles may meet over (he ambulacrum to make an arch. 

The peristome, like the periproct, is strengthened by imlicdded plates 
that support spines, the buccal podia, and pedicellariae, especially the 
last, that usually occur in great numbers on the peristome (Fig- 
Each buccal podium is underlain by an ambulacra I plate belonging to the 
regular series of ambulacral plates and pierced by a pair of pores for the 
passage of the podium. In eidaroids both the ambulacral and mter- 
ambulacral plate scries continue in the peristome to the edge of the 
mouth (Fig. !73^), but the plates are reduced in size and either overlap 
or do not meet each other, so that the peristome remains flexible. In the 
family Echinothuriidae, the ambulacral but not the interambulacral 
series similarly continues in the peristome to the mouth (Fig. 2228). 
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As already indicated, the lest is flexible in the Echinothuriidae as the 
plates overlap instead of meeting (Fig. 222B). The test is further mov- 
able by a set of body-wall nmscles wanting in all other cchinoids. ThL<* 
set consiste of 10 crescentic sheets ascending on the inside of the body 
wall from the auricles (here forming arches) to the periproct. fa>itonc>d to 
the outer edges (edges next the interambulacra) of the ambulacra! plates. 
These muscle sheets project into the coelom at right angles to the inner 
surface of the body wall, and their free inner edge consists of a tendon to 
which the diagonal muscle bundles contposing the muscle sheet converge 
(Fig- 1(K)J). These muscles were discovered by the Sarasins (1888), who 
called them the motor mtwdes of the corona; they are variously referred 
to in the 8ul>so<iucnt literature as longitudinal, somatic, or vertical mus- 
cles, but meridional muscles would seem to l>e a more exact appellation. 
There is also present In echinothuriidsa pairof muscles extend- 

ing from each auricular arch along the inner surface of the peristome, 
inserting on the ambulacral plates there (Irig. 

Each ambulacral plate is pierciMl with pores for the passage of the 
podia. For each podium there are typically two pores in tin* plate, since 
in echinoids, unlike other ecdiimHlerms, two canals run through the 
amhulucra) plate connecting the fHjtlium with its ampulla (Fig- 195.4). 
Each pair of pon‘» iHsltuate<l In a small t*val area. Primitively, as still in 
cidaroids, there is one pair of port's to each ambulacral plate, and such 
plates are spoken of as primary. In cidaroids. therefore, the ambulacral 
plates are very narrow in the luericlional direction, and thei'C aw several 
and often many of them to each interambulacral plate (Fig. I80i^). In 
other regular cchiiioids the ambulaerul plates are compound, that is, com- 
posed of two or three or more primary plates and thewfove pierced with 
a corresponding numlior of pore pairs, arranged in an arc or a zigzag 
manner- Plates Iwaring two or three pore pairs are called oligoporous, 
and those with more than three pore pairs, polyporoM. The compound 
plates vary in composition, that is, in the number of primary plates 
(indicated by the numl>er of pore pairs) involved in their formation. 
These primary plates may retain full size reaching from the outer to the 
inner edge of the compound plate, or through growth pressuie some may 
be reduced to demiplaUi that do not reach the inner edge. There are 
three main types of compound plates (Fig. J9I-4— C); the diademoidt 
consisting of three full-sized primary plates; the arhacioid, composed of 
a median primary plate with a demiplate to either side of the outer part 
of this; and the echinoid, made of two primary plates with a demiplate 
inserted between their outer ends. Poly porous types of compound 
plates arise by the insertion of more demiplates into these three types 
(Fig. 10\Z)). The echinothuriid type appears distinctive with demi- 
platcs inserted between the primary plates in the meridional direclioo 
(Fig. 223^, C) but has been shown to l>c a variant of the diademoid type. 
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>10. I)i9(oloe>' of hoil>>wall Ap|wn<1aKes <conrIud«f>. A, Iiorisontal section 

through a gloluteroua pe<lM<eJiariQ ot to shorn- the three sensory hilJock* 

?' section of a locomotory po«hgm of Bchimttt. (A. B. o/ltr Rcmann. 188*. i 

C. disk of n locomolory podium of Partfeca/ro/** 187J), D. disk of toco* 

motory podium of AVAfooacur. vjewetl from lUe in^de Lortn iKS.D. I. seneor> 

hillo< k: 2. sensory hairs: 3, nerve; -1. nervous r4>er: 5. epidermU: 0. sU(iportjng skeleton of 
disk: t. longiludinat muscle fibers: fi. den^e eonnertive tissue: 9- loose connective tjssoa; 
10. frame: 1 1, spicule?; 12. cnelomoe^ les; 13. marginal nerve: 14. lumen of podium; 1^- 
pieces of skeletal rosette io disk; 16, connect ive-tU»ue strands in disk. 
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III ambulacra I platen the pore pairs are almost always near the outer 
edges adjacent to the suture with the iiitcrambulacral plates, so that the 
ambulacral plates are divisible into pi>riferous and uoiiporiferous portions. 

The alterations of the test seen in the irregular urchins appear to 
have been initiated by the retreat of the periproid, ostablislnrig an axis 
of bilateral symmetry that bisects an anterior ambulacrum and a poste- 
rior intorambulacmm. now containing the penpr<M*t. ^Vith the with- 
drawal of the periprrKt from the iil)oral center or a|>ox, the plates of the 
apical system close together, maintaining the al>oral center. Therefore 
the regular urchins are also calleil nulonjiiic, in inference to the enelosuie 
of the periproct by the apical system, while the irregular urcluns are 
fxwfjHif, since the peripv«»ct i'wf outside the apical sy.stcm. Tlie eom- 
pDsition of the aboral center after withdrawal of the periproct varies 
considerably among tin* irn^gular urchin>- Tsually the retreat of the 
periproct along the posterior inlerambulHcruin dc.^ troys the gtmad and 
the genital plate of that interrmlius. although tliesi* may reappear in 
later evolved forms. The four nnnainiiig genital plates then close 
together to Wo me the center of the apical system, either .syininclrically, 
or more often asymmetrically, with the enlarged madivporlte extending 
iriwaid to occupy the central position (Fig. HHfrK while the terminals 
still encircle the genitals {fthmophntci coiiditicniK However, the inadro- 
poritc tends to follow the periprcH't uhing the posleric»r intcnnnbnlacrum 
and conliimeH to extend backward, hiially emerging from the terminal 
system (fthymolftlir condition. Fig. 1'his condition obtains in 

many common s|wl augends. 'I'lu* f<iur genital plates are symmetrically 
arranged at the aborul ap^'x, each with a gonopc^rc; the elongated madre- 
porite without a gonopon* extends back ahmg the posterior iiiterambula- 
enim, outside the terminal system, and the five small terminal plates 
"mipy the angles between the genitals (Fig. MHFl. Often in irn*gular 
urchins then' is considerable fusion among the genitals, and only thre<* 
or even two gonopores may |M*rsist. Thi* madrep<)res, also, are subject 
to Variation and in pluee of being confined to one of the genital plates 
may spread onto others or onto all of the genital plates or can lie reduced 
to a few pores. In clypeastroids in general, the genital plates arc fused 
to one central jHuitagonal plate, piereeil throughout with inadrcpoi'es 
and with the redin*ed terminal plates pre.s.st*<l against the centers of the 
«ides of the pentagon (Fig. \^J2(\ I) ). The gonopores may occur at the 
angU'.s of the pentagon but often are removed some distance along the 
hiterumbulacra, as m f Vypca.'t/cr rof^rruii (Fig. 192L^). 

The tost of the irri'gular urchin.s lacks the patterned arrangement of 
<^nnspicuous tuWcles that makes the regular test such an attractive 
inject. For the most part it is covered with innumerable small to 
rmmite tu herd os. although in some spatangoids larger tubercles occur 
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Kio. IW).— Morpholog^v «f the test (conlinued). A. pcripro<t and apical system of 
Sttienia. B, periproct and apical system of i4r6«cia. C. pariproct and apical system of 
yoniiR a/enflvtoeeai rates, D, same as C in adult, (it. C. after Laa^n. I $74.) B-H. pen- 
j^athic f irdle of one ambulacrum ol varioua echinoida. B. Arbad^. F. Slrenffi/lccfntralu*. 
(?. cidaroid, H. £c^*iw»»nr/r«. J. part of interior of echinothuriid Atthentitema. showing two 
f>( the ten meridional mu.icle sheets (after Ike .Waains. IS8$). ). anus; 2. central plate of 

penptoct; 3. genital plates: 4. gonopore; $. terminal plates: $. pore for Urminal podium; 
7 plates of periproct: 8, cnadreporite: 9. auricles; 10. arnbuJaemm; 11, apophysee; 12. 
mtcramhuleerum: 13, meridional muscle abeet; 14. perietoniial muwlee. 
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bet woo n the potaloids (Fig. 19\E). In spaUngoide, the ambulacra are 
often mu< h narrowed and the interambulaora are correspondingly wid- 
ened , aborally by the horizontal elongation of their plates (Fig. 191^}. 
()raH>' tlioro are a fe>Y very lai^e intoranihulacra! plates (Fig. 192.4), 
The ambulacra I plates of spatangoids arc all simple primary plates, h 
the potaloids each l>ears a eon.'^pieuoua pore pair; the two pores of a pair 
a ro often widely separated but usually connected by a groove, a condition 
spoken of as conjugate. The plates of the anterior ambulacrum and of 
the others between the potaloids and the phyllodes usually l>ear only a 
single poreeaeh, for the much reduced podia of these areas and the penicil- 
late pixlia of the phyllodes may also be uniporous. Between the phyl* 
loiles in spatangoids. the interambulaora K*aeh the peristome by only a 
single narrowed plate, except for the posterior interambulacrum that 
forms the posterior border of the peristome by a plate called /otruw 
(Fig, 192.'0. Posterior to this the plastron meets the labrum by one or 
two plates (p'ig. 192.4); whether one or two is considered an impoilont 
systematic character. In nearly all existing spatangoids, the two-plate 
condition obtains (Fig. 192.U. 

In some irregular urchins. esp(*cially me miners of the order Cassidu* 
loida, the single iutcrarnbulacral plates meeting the peristome between 
the phyllcKles arc .swollen to conspicuous prominences railed 
which with the somewhat .sunken alt enia ting phyllodes form a flowcr-lik« 
Ugure called Jk floHreUe (Fig. 229.1). 

In clypoastroids. (he internmbulacra ni'c much narrower than 
ambulacra Fig. 192/0 and tend to disappear on (be oral side, being repre* 
s('nte<l or not around the jMTistome. Foi^e pairs are limited to the pH«l- 
oliis, wbei'C the two of a pair arc usually widely spaced and conjugal 
(Fig. 193/4). The ambulacra I plates of the pefaloids may he simple ^ 
primary plates, but in (he Clypeastridae primary plates and deniipla^ 
ullornate in the petaloids (F*lg. 193^1. The demiplales are only wide 
enough to carry the pore pair, whereas the primary plates extend 
central suture of the petalouL The clypeastroids are provided witjj 
numerous small suckered podia, emerging through single pores on hoifl 
surfaces and on both ainhulurra and inlerambulaiTA. although not uin* 
formly distributed. In a study of the distribution of the podia on the . 
common sand dollar Bchinarachnius parmoy Gregory (191 1) and Parker J 
and Van Alstyne (1932) found (hat podia fringe the ambitus thickly* j 
occur in many patches on the ahoral surface and in two thick bands along ^ 
the ahoral ambulacra, including the center of the potaloids, and on t ^ 
oral surface are concentrated along the furrows. Examination of t J 
furrows shows that they are devoid of spine tubercles but thickly 
with pores for the podia. The podia of sand dollars are of little value m 
locomotion, apparently functioning to gather fcMKi particle's that 
passed along the furrow/? to the mouth. 
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The test of spatangoitls is often thin, while that of clypeaatroids may 
be very thick and heavy and supported by Internal calcareous beams and 
columns (Fig. 193.4). In sand dollars the two surfaces are strongly 
united in the periphery of the lest, leaving only a central area availay)le 
to the viscera tFig. 202.1). 

7. Orientation.— The orientation of regular echinoids with respect 
to other echinoderms presents .some difficulty as only the madreporite 
occupies an asymmetrical position and heiioe can serve as a gnido. 
Lov^n (1874), in his classical stuclu's of cchinc»lds, developed a system of 
naming the rays that has U‘on universally adopted by other echinoid 
apecialiBts. Lov^n took the spalangoids as his point of departure, 
counting the rays with reference to the spatangoid bilateral axis. If the 
Bpatangoid is held oral surface up and the interambulacrum containing 
the peviproct is eonsideroii posterior, then the ambulacra arc numbered 
I to V, beginning to the left (ainmal’s right ) of the posterior interambula- 
crum and proceeding in a rU)ck\\ise manner iFig. lt)3/^>. The inter- 
ambulaera are numbered 1 to o. iM'ginning to the left id nmbulaenim I and 
also proeeetbng clockwise. The anlerir»r mnlndueruin bisect er I l>y the 
plane of symmetry is thus 111. and I be nmdreporile primitively has a 
right anterior position, imm<Hlmtcly to the right of umbubierum III if the 
aboral side is up, only later by di.splaceineni Itcctnning syinmclricully 
placed in the posterior intcrambulaeriim. Lov^n further applied bis 
ays ic m to th(* regt i la r ech I noids. As t ho t wo pla t <• row s of 1 1 ot b a ni I n i la< ' ra 
and inlerambularra alteruute, it follows that n( the peristome edge, one 
plate of each double row is necessarily smaller than the other of that row 
in or<lcr to make a smooth edge at the |H’ristome (Fig. .Vccordiug 

to l,ov6n, the arrangement of the Uirg<‘ and small iilutes around the 
peristome is such that it is bilaterally symmetrical with only one ambula- 
cnim, namely the one that, when the aboral .side is up. has the inaclrc- 
porito immediately to the right of its aboral end, or the same as ambula- 
crum III in spatangoids. 

Although the sixe arrangement of the end plates at the edge of the 
peristome appears generallv throughout echinoids to conform to Lov^n s 
I'cport, his axis is not the only one that is symmetrical with these size 
difTerences (Fig. 2l0r). Further, any system of orientation should be 
based on the regular echinoids as the irregulars are obviously of derivative 
nature. The orientation of echinoids should l>c brought in hainiony 
with that of the other echinoderni classes. On th<*se grounds it is pjvfer- 
able to adopt the system of ('arpenter already utilised for crinoids and 
holothuroids. On the Carpenter plan, with the oral surface up, in the 
pelmatozoan position, the interambulacrum that contains the madre- 
poritc becomes CD and the ambulacrum opposite this is the anterior 
HJiibvilacruin or A. The rays A. B, C, D. and K of Can>cnter correspond 
’o\ . 1. II. IIP lY of When a spatangoid is similarly oriented 
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vith the oral surface up and the interambulacrum that contains the 
madreporite (in its original portion to the left of D from the oral view 
or the right of D from the aboral view) is taken to be CD, then it is clear 
that the axis of elongation of a spatangoid does not correspond to the 
bilateral axis (based on the madreporite) of a regular echinoid (Fig. 
193C, D). Consequently the bivium and trivium of spatangoids do not 
correspond with those of holothurians. 

8. Nervous System.- The nervous system is similar to that of holo- 
thurians. The main system belongs to the eotoneural category and con- 
sists of the circumoral nerve ring, the radial nerves, and the subepidermal 
plexus. The circumoral or peripharyngeal nerve ring encircles the 
beginning of the pharynx (Fig. 104.1) just internal to the mouth and inside 
the lantern of Aristotle and is attache<l to the pharynx by connective- 
tissue bands- The nerve ring supplies nerves to the mouth region and 
also gives off nerves, mostly 5 or 10, that ascend the digestive tract and 
form a nervous layer beneath its lining epithelium. From the nerve 
ring arise five radial nerves that pa.^.-^ out (brcnigh the muscle (ibers of the 
la filer n between the pyramid-s (Fig. UM.1) and ascend the inner surface 
of the body wall, along the mid-line of the amlmlaera. Kach radial nerve 
is a flat baud of nerve cells ami fibrils that is hounded to its outer side, 
between itself and the ambulaeral plates, by the epiueural sinus, and to 
its inner side hy the hyponeurnl sinus (Fig. lOo.l). The radial water 
canal forms the itmerm<wt structure here, and lictwcen it and the hypo- 
neural simis is found a channel of the haemal system (I'ig. 1115.1 J. Rela- 
tions here arc the same as in holothurians except that the radial nerve 
repreaents only the eetoneural system- Toward the mouth region the 
hyponeural sinus disappears, while the cpineural sinus continues and 
becomes a ring sinus lying to the oral side of the nerve ring and corre- 
• spotiding to the perihuoeal sinus of holothurians. 

In thoir course along the inner surface of the test the radial nerves 
give o(T a podial nerve to each podium (Fig. 105.1) that, as already noted, 
ascends along one side of the podium and spreads out into a nervous 
layer in the terminal disk; and they also give off nerves that pass with 
the podial nerve through the pores of the ambulacra) plates and spread 
out in lilt* body wall to the outer side of the plates of the test, forming 
there an extensive subepidermal plexus. As already mentioned, this 
plexus has a ring around the base of each spine and pedicellaria, and nerve 

lack of 9ers>ndBry tubules. £>. polyporue ambularrsl plate of £, 

kboral vjow of tc»t of spmlancokd. PlagiobriMut firandit. West Indies. F. apical ayatom of 

0. apical ayatem of //efecTypae. extinct. I. secondary tubercles: 2. primary tubercle? 
3. perforate mainelon; 4. erenulations; S. three primary pl^lea eompo>ins ambulacrum; S. 
pore pajra; ?. demiplate: 8. primao' jiate; 9. termiral; 10. pore for terminal tentacle: 11. 
Senital plate: 12, gonopores; 13, madreporite; 14, ambulacra; IS, anterior ambulacrum; IS« 
P«teloida: 17. peripetalou* faeclole: 18, ioterambulacra: 19. apical ayaUm. 
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Fio. 192 .-— Morpholog.v Ihe ie<X <^ntinu«dr. A, oral vj««* of tKe te»< o' y 
b'ittua ffrand{$. B, aboral view of of cl>*pea»troid. Clyp<a4itr ro»cteu$. ^ *" 

C. apical $> st«in of keyhole urchin. .Urfftfe. D, apical e^’^te(n of B. 1. anter>or 
crum: 2 . other ambulacra; 3. phytlode; A. interamhulacrai 5. labrum: G, peristo^' 
plastron: $, subanal fasciole: 9. pores for subanal podia: 10. periproct: 11. anus: 1^ 
fascioles: 13. pentagooaJ madreporite of fused fcnkals: 14, temiaaL: IG. ^ooopotes 
petaloid«: 17. apical s>'stem. 
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fibers aUo ascend these structures. At its aboral end each radial water 
canal terminates by a single reduced podium, oftei3 called the ternmia 
tentacle, that passes through the pore in the correspond.ng terimna 
plate (Fig. 104B). The radial nerve, acr«mi>anied l)y the epjneural, hut 
not the hypi.neural, sinvus pa.--.es out also in the wall of the terminal 

tentacle and terminates in it?f epidermis. , . . i » 

The hyponeural or deeper «rai system U represtmted in eohmouls I hat 
are provided with an .Vrisf ..le'.- Iniiten.. It consists of five pla.iues of 
nervous ti.ssue sitnuled .... the al.oral surface of the nerve m.K ... .he 
ratlial positions. Thes<- phuiu.-s s.-n.l .slrong nerves into llie lantern, 
proHumahly to its nmseW. 

\n aboral or eritomnirol ner\ous syMem )m>* Imtii found hi a few regu- 
lar cehinoids in the form of u nerve rii>g in the iinuT surface of the aboral 
body wall around the |MTiprm-t. li gives off nerves to the gonads and 
IheiT d\n ls. 

9. Sense Organs. It is to la* avMHiKHl iluit every >pine, pfidium, 
and pedi< ellarin sets in a sen.sory eupaeity. The heavy nervous Mipply 
of these .structures was already note.l: further, the presener .d a sub- 
epidermal nervous plexu.^ througlmnt the eternal surface. Aecordmg 
to ilumaim llKHT). the epidermal cells un‘ every«l»ere mtersperr«‘d with 
the usual very utleuuate<l neun^^ensory eell> or laiigor‘cej)loi‘s. C on- 
spieuous hinoek.s of sueh tang«»receplc»r> appear limited to the inner 
surface of the jaws of globifermis |M'dlcellariae thig. I8H.I) and a few 
other placc.s. The spliaeridia an* pndmbly euuilibrutory organs; this 
would soem at least to U‘ a ncH'e^sary roncliiMon for those that are alimwt 
completely eneUwd. Other siM*ciul sensory onjaiis appear lacking. 
exroiJt for tlie “eyes” of the Diadematidac. In this family, especially 
in the genera .\HiroptfQn, Dimhmu. and rAm'Wmdcmri, the te.st is oi na- 
me iitnl with hrilliaiit him* r<*sembling sap|ihires. They occur on 

ihe genital plates, in rows aUmg the interambnlacra, often on the peri- 
stome, sometimes also on the amhulacni. Tliey are fused into stripes In 
some cases. The struclun* of thew blue spells was first investigated by 
the Sarasins (IH87) for .\^lrop>m raditiio, who coiupaivd them to the 
compound eyes of inswls and who gave figun*H showing them to consist 
of a numlier of six-sidwl prisms surrcmmUnl Iwisally by heavy pigment 
granules and underlain basal I y by a thick nervous stratum. Later 
investigators have Ikhmi more moderate in their statements; Mortensen 
in hits monograph confirmed the pit's**! ice of units fillcHl with transparent 
material (Fig. Ihtr) hut found no pigment aceuinulations, and Millott 
denied any histological resemblance to eye.s in the blue spots of 
hindema antiltarum. The blue spots reach their greatest development 
on the oral side of A^tropijtjQ rQ<iia(*i when* c*aeh is stalked an<l doe.s in 
fact resemble a compound eye (Fig. IOJ/>). Dtklerlein (1885), examining 




Fto. IM. Morpholog>« of the (o»l (eondgded). A. in tenor of Uat of ClvPf^ 
ro^tui showing .••Icereous sgpporu. B, plate arrangement of Clyp^asirr, C scheme 
orientation of test of regular erhinoid. ora) view. D. scheme of orientation of 
.patangoid. oral view. (C. D. fcoecd oa iseig., h^ken edge: 2. peristome: 

Burieica, 4. calcareous siipporU; o, periproet seen through peristome: 0, anus: 7. mad: 
ponte, 8. intestine: 9. ambulacra; 10. primary a inbuUeral plates: 11. dem I plates: J2.coiv 
gated pore pair; a, Cor|>eatera»ia; *. Lordn #iia; A-E, r*iaoo Carpenter plan; I-V, raysi 
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fieshlv coilecled Diad^ma $cto^um, declared that the blue spots are lumi- 
nescent, but this has not lK*eu verified by others, and proliabl^’ this author 
mistook iridescence for luminescence. Whether the spots in question 
actually are photoreceptors cannot \iO decided on present e vide nee . 

10. Coelom and Coeloraocytes. In the reuular urchins the interior 
of the te.st i^ occupied by a '•iiaeituis (••K*h»in, partly eiicroa<*hed upon by 
the gonads and the fc.->t«H>ns of the intoline. Then* arc also several 
minor cddoinic compart inciUs comidctcly or partly clo>e<l off from this 
main coelomic cavity. Chief among iIu'm- is the |x*ripharyngcul cavity, 
conesponding itt the cavity cd ihc name in holothurians, ThLs in 

cchinoids pnnided with an Aristotle *> lantern conqiletcly encloses the 
lantern, begimiiag around tin* eM)ph:igus where it emerges from the 
lantern and cxtemllng over the sides of the lantern to the perigimlhic 
girdle (Fig. IIHA It is entirely cloM*d t>ff from llte general Ciiolom oy a 
delicate coelomic membrane consi.'iiiig of two elliated epithelia enclosing 
hot ween them connective tissue ami .some inu.^ele filM*rs. The peri- 
pharyngeal cavity is eonlimious ai the iilgc of the [H*risU>mc with the 
Uiiiiina of the gills, (is mcmluane forms on the aborul surfaee of the 
lantern five little drnfni snex in the inierradial |>osjtions for thi* growing 
etids of the teeth ot the lantern: in the eidnroids and the Kclanotliuriidae 
there are, furtfier, in the ratlial positions five elongated and conspicuous 
SUCK known as Stewart’s organs that projeet into the main enelom uh 
appendages of the |H*rii>haryngeal sinus f Fig. lIMkI, //J. These seem to 
act as expansion chuml>crs for the fluid in tin* periphuryngoal cavity and 
its adjuncts. In echinoids that lack a lunicrn the |>rriphuryngea) cavity 
is present in the same IcNatioii Ini I givatly nsluceil. Other minor 
coeloinie cavities occur at the ahorul pole. In n*gular echinoids tho 
rectum is atta<*hcd to the edge of the |M*ripnH*l by a coelomic membrane, 
I has cutting olT a pert proof <r/ ttrtwx from the main coelom. Aruuud the 
anus is a ring sinus, the perianal sinux. The wall of both of these sinuses 
contains masolc filiors. Still another ring-sha|XHl sinus occurs on tho 
inner surface of the apical system of plates; this, called the aboral or 
i;emfaf sinus (Fig. 197.1), runs between the gono<luet8. encloses a haemal 
network supplying the gonad.s, and makes contact with the aboral nerve 
ring. These several aborul sinuses ore more or le&s wanting in irregular 
echinoids, liciug fus<*d into » single sinus (Fig. 204^), 

Tho cooioinic spaces are filled with a fluid similar to sea water and 
containing the usual eoclomocytcs that also wander freely throughout 
the body tissues and organs. The coelomocytea of echinoids have been 
studied by a long list of investigators (Geddes, 1880; Cu^not, 1891b; 
St. Hilaire, 1897; Kollmann, 1908; Th^el, 1920; ICindred, 1921, 1924; 
Hchre, 1032; Boliek, 1035; Kuhl, 1037; Bookhaut and Giuenberg, 1040; 
Liebman, lUoO; Schinke, 1950). In general six types of cells are found 
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Fio. J04,— Nervous s.SAtcm. orcftns. coelom. A. vertical section tiirough *'•«' 

lantern and peripharyngeal c*vjty ol F9rcctmir^Ht B. >ertical 8e<'tjon througlJ » 

terniifiul tentacle of pytHlut. (A. B. «/lcr Cyinol. I SO I a.) C. aoetjon 

throiigh a compound eye of DiaUtma acfesMin. i>. conij«ound eye from the oral surface of 
Atlropuoa pulpfHota, (f. D. c/lcr MorUnteit. Momofr.) E. amoel*ocyle with polorlc«» 
in<>luj,ioD8, Arbocia. P. amoebocyte with red inclg«»ons, .4r6aci*«. lE. F. After Kindred’ 
1D21.) 1. haemal channel to anal gland: 2. haemal ring: 3. aponcy bodv':4. compa.«r muscle: 



KVHJSOHiEA: UlOBSTIVE SmTKM 


44)1 


in echinoid:?: amoebooytos with ONlinary poinir<i ps('u<lopodia (Fig 
195(^); amocbocytcs uiOi pctaloki ps<*ui!oj)fKlia iFig. 195/^1, that is, tho 
udopcxlia nro broad, ihin, mombraiio\i> amoobfM’ylos lilled with 

coloi'loss ^<phmlle^ (Fig. lilUil will) guvnish or ycdlowish 

sphrmles: thosi* lillvd with ritUli>h >pluTuli*> {Fig. 1 9 1/'; and vibiatih* 
cells, small round n*ll> provideil svilh a Umg. dilii priro^, apparently u 
flagellum In at least some kFig. 19 .Vj». 'Ilx* (irsi iwo type> atx* 

phagocytic and ar<' calh*»l h*tHMM*ylc> by s«>me :Milhor>: it is prf»bable that 
they r<“pi'eseut dilVerenl pfia^e'^ of the '•aiiie The (liree types with 

''pheri^ ul Inclu.^ions l:u k pliag<K*viie imomt bill an* able lo move slowly 
hy piittiug oul bhiMl pMUnlopisF. The lethlisli inclusions are so eoiorod 
horause of the pn^seiiie therein ol eeluioK’Inonic. a common c(*h)nuid 
pigmeiiT, It has ln’eii shown for ttuhWh am that the colorless 

spherules contain |uecuv>ois and 4*n/yrue> tfiat pr<sluee u hla< k melanin 
pigment on brcakihwM) r»f the miiiK*lnMyle» e<Mitainihg them (Millolt 
luid .lacuhson, Ittoln As leganls the Mbratih* <h‘IIs. l.ichinnn ilOoO) 
suggests that lh<*y an* ih*taclii*d cells of ihe e«H*loniic lining and has scon 
(h(*m loM* tli(*ir flagcllun) and become anoH'bnid. I'Im* eN|K*riiuc*nts of 
Sefunke (IlK'itb show tfiai ifm ciK*hmMM \ les r»rigi)mte from the mcH<*n- 
cliymc (dermis) of the hmly svall. Tins uuihoi' tiiids in /*.\niintnrhiu}tx 
miliaria n total of :iH4Kl c<H*lomo<*yP's |h'V cutiic milliineter of Ihiicl: 
1910 pliagmytic ainoclMH'Vtes, !I10 with eolorlevs inchision.s, *><10 with 
i''<hlish incinsions. and IHO vibnitile cells. Ilenri (IllOtb gave the follow- 
ing llgnri's f>er ciibu' millimeter for /*rifncr«^ro(«s hni/as: UOtl to 7080 
phagocytes, 10 lo tUX) bnmn jiimK*lNK*ytes, 10 to 4>S0 colorless amoebo- 
'•yie.s, and kJO to -MO vibralile cells: for the ligures were 1)00 

pliagneyte.'*, itio hrown amcM'btHytes, 210 colorless ainocboeytes, and 
a()(M) vihratile cells. In .Xfhttriii puuHuhta. about half the <ca*loinoeyles 
are of tfie |)hagocyi)e ly|M*, the rt*si aimM'bcH'vles with inclusions (Lieb- 

man, Il)o(b, 

U. Digestive System. The mouth usually lie.s in the comer of the 
al>oral surface but is shifted anteriorly in spataugoids. In rogtdar 
*'< hlnoids it is usually eiidrclecl by a lip-like emineuee (Fig. l“3/f} ami 
here lemis into a small buccal ejivity eiieirelwl by I he main nerve ring 
and pierced hy I he tenuh of I he mast ica lory apparatus (Fig. 1 04.4 J, 
I'roin I lie tniccal ca^ity the pharynx (often called esophagus j ascends 
vcriicaily ilu'ough the center of ihe inaslieatory api)aratus lo which it is 

ciriiinl iw>Ui: 7. j»i«rn>>rai»e en^ltKjne pcri|>linr.v<iKPal povUj*; (4, peri* 

empMiuoMl ««uvn.v; i). cil« ol ir-l: If). Kill: Jl. pvH'Wiowl ntejiiUrano: 12. pyramiil; 13, 
tmh; 14. nijM-ftl ravjl> : to. pliacvnx: 10 . rmnpase: 1 7. rotul«: IS, water rihg: 
J. oinml water eaual; 20. rociiminotur mu^k; 31. ratlul haemal sinu^: 22. iOiinective- 
-v'^v*'**’****^^ lUiarya^: 23. nervo rm(t: 24. radial mcv «: 2a. p»wc ol auricle: 2d, unit of 
' ^y^rnmnl tentacle; 28, epulertnU: 29. terminal plate ol te?.t: .30. apincural canal: 31. 
rminatmn of rn<Ual nerve; 32, aboral roelomie ainus. 
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Flo. l05.~N«rvous syat«m. coelom (continued). A. lection throuftli 
6ed) acroee an ambulacrum. Paratenlr^ut (a/ler Cyfnat. 1891 a.) B. patalara 

coelom ocyte. Arboeia. C. pha*ocytic amoebocyle, Arbacia. (B. C. c/ter Kindred. 1921) 
D. vibrotilc cells. «4r64cis (fifler Liebm«n. 19501. 1. base ol nodiumi 2. epidermis; 3, ntrv* 

DUS layer; 4. connective (issue; 5. lonfiludlnal mu«cle of podium; 6. lumen of podium: 7* 
arnUulacral plate; 8. two pore canals (hrouali (he ambulacral plate: 9. ampulla: 10. muscle 
strands in ampulla: 11. median suture of anibulaerum: IS. epineural sinus: 13. radial nerve. 
14, hyponeural aiuus; 16. radial haemal mous: 10. radial water canal: l“. valve betacea 
water canal and anrpuUa: 18. nerve accompanyiog podial canal through ambulacral plst^* 

attached by strands. The masticatory apparatus, usually called from its 
discoverer the lantern of Ariitotle, is present fully de\'eloped only in the 
regular echinoids and is reduced or wanting or evidenced only in youi^S 
stages in irregular ecbir.oids except clypeastroids. When fully developed 
the lantern is an admirable complex of muscles and calcareous pieces 
that serves to grasp and chew up food. It is a pentamcrous object 
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J general conical shape nith its apex formed by the live teeth usually 
seen protruding from (ho mouth opening. The lantern is formed of 
five main interradial pieces, the pyramids (Fig. lOr/'i, each of which 
consists of two pieces, tho Iw'f pyramids, closely joined l»y a suture. The 
pyramids are separated from each oilier l»y a sho* t .spare (jlled with short 
transverse muscle fibers forming the or coinminalor muscles 

by which the pyramids ean be rock I upon each other. .\l the upper or 
aboral end of each pyramid is u>ually found a bar. the in some 

echinoids the twoeplphys^^s of each pyrnmiil remain M'jiarale, but in most 
they are sutured to form a i‘onliimou» har along the aboral end of tho 
pyramid. On the ahoral surface of ilic hmlern, corresponding to the 
ha.'io of the cone, there radiate from theoophagus in the rati iai positions^ 
(hat is in line with the comminator muscles, five slender pieces called 
eompa$scs (Fig. lUTfb, and beneath them live mtire, somewhat stouter 
pieces, the rolulrn (F’ig. 1 !/.>). Each compa.-" U composed of two pieces, 
an inner and an outer half, ami the outer Icilf often itTminulcs in a forked 
end. The pyramid.s act a.s a. 'support ft>r the tct'lh. long ealcait'ous hands 
ascending in the interior s]>aces of the fiytatnids. .Vi its lower mid each 
tooth ifl formed of especially hard calcareous matcriul. Tills hard oral 
end of the five teeth projesds into the buccal cavity heyomi tlic oral ends 
of the pyramids and i.s protnisible ihrougli the mouth. .Vs they ascend 
in the interior of the pyramhls, the teeth la'como softer, and ificir aboral 
ends, quite soft and often curlrKl, lie upon the aboral surface of the 
lantern, each eiiclascd in the dental sac. already menljom*d, which is a 
coelom ic! sac cvaginate<l from the genera! |K*ri pharyngeal cavity (Fig. 
200r). The teeth grow continually from these soft ahoral ends, and 
thus the wearing away of the oral end through use is compen.satcHi. The 
foregoing account shows that the fully develoiH*d lantern consists of 40 
fikolctal pieces: o teeth, 10 half pyramuls, 10 epiphyses, 5 rotules, and 
10 pieces that form the compasses. 

An equally complex s>stcm of muscles (Fig. 107C) is necessary to 
operate this apparatus. The comminator muscles betwoea the pyramids 
were already mentioned. The prolractore of the lantern are a pair of 
bands extending from the epiphyses to the perignathic giidlc at the 
Interambulcra. They serve to push the lantern outward, thus exposing 
^e teeth. Tho Mractor muscles that pull the lantern back and also open 
the teeth originate on the auricles of the ambulacra I areas and in.scrt 
on the lower ends of tho pyramids. Small ^xUrnal and internal roinlar 
muscles connect the epiphyses with the corresponding rotule, and as the 
epipliyses are articulated to the half pyramids, movements of the epiphyses 
through these rotular muf:clcs arc transmitted to the teeth. 

*he compasses and their muscles do not function in mastication but 
^ part of the respiratory apparatus. It will be recalled that the entire 
Kuitera and its muscles are enclosed in a coclomie membrane that attaches 



Fio. 190.— Coelom, lantern. A. top of lantern of Aftkenosoma. shovinj; St©a*art ® 
crgani (afler Me Santsina. 1»18. alifhlly altered). B. (op of lantern of Cufortr cidarit. 
ahowin* Stewart’s orgorta <o/frr 5fetPOrr. 1879). C, aide new of Jautern of Tripnfu^^ 
9erUric04,ig. vleancd. f>. top of lantern of C. with compasses removed to sJtow rotulcs. *• 
Stewort’s organs: 2. dental sacs: 3. compaaaea: 4. esophagus: 5. elevator muscle of 
passes: 6, depressor muscles of com passes: 7, auricles; 8. epipJiyses; 9. tooib: 10, pyrsmid; 
1 1. eomminator muscles: 12. rotule: 13. projeetions of epiphyses to hold tooth. 
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lo the perignatbir girdle and that the coelomio cavity so enclosed is 
continuous with the lumina of the gills. In that part of thU coclomic 
membrane that covers the a f 'oral surface of the lantern there runs around 
the emerging esophagn> a Mat. jM*ntng<mal muscle that attaebe.s to the 
compasses tTig. IMTf'j, Tliis iniiMdc. I he tUrator of (hr comfuisfifO, on 
ron traction raises the compas>4*>, iIiun increases the volume of tbo 
ponpluiryng<Ml <'avlty. and so drau.' Muid out of tin* gills. From the 
outer eh<l of each e<)mpa>s two ^lender muM'le> run along the outer 
suiTace of the Inntern ])i'otiaetors to ririginate on the (Muigualbie girdle 
at the interanibulacra. 'I'here are tbii.> I no of tlie.<e tft pnnsorji of the 
to laich compavs. and divi^rge to adjueent iulerambulaera 

<Fig. 'rbeir contract ion depre>M*> the roni|»asv*s and tbu.s forces 

tluhl ntto the gills. 

Th<> structure c»l the skeletal part of the lantern i.s<if great importance 
in t)ic systeinutirs of regular i'ldnnoid.^. TIiom* in wbieb the two epiphy* 
ses for ca<’h lyviainid are niilely .se|nir:ile :in<l in whhOi the t(*(*th lack a 
keel are tcrinc<i aiilo<loiU {Fig. msr. ICt. Tin* imneipal cNisting aulodunt 
families are the .\s])idiK]ia<lernatitlae and iln* Diadeinalulae. Uegular 
eehnioiils in which the cpiphy.^'s arc still >ei>ar:ile f)Ut the teeth are 
keeled (that is, have a median er«'st along ihc'ir inner surfaeej are termed 
j<tiro>fonf. 'j'hc main (»\i.^ting slirtMlonl families ar<* the Saleniidae and 
I lie .\rhneii<lae. Most r(»gular ureliin.s tas the 'I'oxoiM'tinsI idat>. Kchini 
due, SlrongyliH'enlrolidue, Kehinojiietiidaei are niiuonMloiit. that Is, the 
cpipl) vses are joined to form a liar across the top of llu* jiyramid (Fig. 
lh(>r). '['\iv teeth arekeeltsl tFig. lUS/Ji anti are often l>eld in f)lact' by a 
pmrol enrvcMl pro< es.sesexlei«llng inward from tfie epipliysis (Fig. 

in irregular urehins a lantern is wanting ihrcKjglunil ontogeny in 
^lataiigoids and is present only in the young of the existing members of 
the MU Jill groups of hohsUypoid.s and cn.ssidu lends. It l.s present, how- 
ever, ill the <lypeaslroid.s, although it eunnot Ik* pjcitruded through the 
tnoiufi, when<*e the necessity of the hooding a mind acral grooves of I ho 
ui'hI surface in this grouf). 'I'he eomiwsse.s ami their muscles arcs wanting 
in clypeaslroids, as gills are ulnnmt in all irregular echinoid.s. The form 
nf the lull tern in elypea.stroid.s is cpiite diffei'cnt from (hut in regular 
echinoid.s IU8.1, /i). The lantern is low hut very broad and has 

the general outline of a pentagonal star with the points at the radii. It 
com pose *<1 almost wholly of the gn*atly enlarged pyramids, which are 
strongly III! led. 'i'hey are usually of uneven she and Uie teeth are 
corrcsiHiiicliiiglv nneipjal. The epiphyses and rotules are rcsiuced to 
•nniute rests between the aWal ends of (he pyramids. On their oral 
j*nifaces the pyramids have one or two dcTp depre.ssions or fossae that 
over the auricles of the pc'rignathic girdle. Comminator, retractor, 
protractor mu.s< lcs an? pre.scnt as in regular urchins and have the 
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6&me functions. On account of the broad shape of the lantern and the 
very small extent of the porislomc in clypeastroids, the teeth are but 
slightly protrusible. The best and most detailed account of the lantern 
in clypeastroids is that of Lov^n (1802). 

The pharynx, pentagonal in section and attached by membranes 
(Fig. 2001)) to the inner edges of the pyramids, emerges from the top of 
the lantern and pas.ses at once into the esophagus. This descends orally, 
often making a con.'iidc cable loop tFig. VMiF). and enters the intestine, 
A blind pouch or caecum is generally present at the junction of esophagus' 
and intestine. The intestine is usually arrange<i in festoons fastened to 
the inner surface of the test by mesonteries {Fig. iOHFt but may lie 
horizontally. It first curves around the inside of the test in a counter- 
clock wise direction as viewed from the aboral surface; after making a 
nearly complete circuit of the interior it turns hack upon it.scif and makes 
another almost complete circuit in the clockwise direction, lying aboral 
to Its first circuit (Fig. 198 Fk The terminal part of the intestine or 
rectum then usccikIs to the underside of the (H'ciprwl and opens there 
by the anus, ernnrehsi by the perianal and p<*ripnKl]il <*<M0oms already 
mcnlioiicd. The two drcuil.n of the ii(le.*‘iinc arc called stomach and 
iiileslinc hy some writers, inferior ami superior intestine by others, but 
IH-rliaps ure prcferul)ly de.sigimltHl small and largo intestine. As shown 
U} Fig. 19HF, thcfcstmnks of the iiHcKtiiiearx' usually enlarged into pouches 
at the places of attachment to the test by me.se t if crie.H, In most echi- 
nuids, but nut in ehlaroids, the inner bonier of the small inte.stinc is 
coiistri< lcd off as a slender tulx*. the that extends from the begin- 

ning of the small intestine at the cacraim nearly to the turn (Fig. 203). 
A current of water eonstautly pusws along the siphon from its prt ximal 
to its tliKtal end, 'Dus, aeeonling to (‘u^^nof (IlU8j, represents water 
removed from the focni. aeeomplixhlng concentration of (he food for 
digestion in the small intestine. The arrangement of the intogtinc is 
delinitely related to the body pcntarncry. as shown in Fig. H)3C- 

In spilt angoids, as a lantern is wanting, the esophagus proceeds 
directly from the mouth, and a considerable caecum is present along the 
proximal part of the small inti*8liiie (Fig. lyo.tf. The julcsline makes 
die usual two circuits, but the rectum, in place of ascending aborally, 
pnseeds posteriorly fo the anus (Fig. 100. t). The usual siphon is 
l»rsei)t, but in certain genera iSrhizasir-, liringtis, llrig^opgia) there arc 

h ^ ^ »'•*'**■ = P'*'' proctal n us : S, can uU I h rougli 

cfMl ampulla; 10. »(one ranal; U. axial iland; 12 . anonRy tx^lc^; 13, aboral 

• locifi: N. elevator oC com 15. compa»: 10. pwy|«,inlc membrane; 17, epiphvsU; 

around tooth; IV. pyramid: 20. depre-sor of compact 21, iant^ra 
inumi**' ^^*’*^* ' retrad'tfs; 23, atiiirles; 24, comminalor muscle; 25. poristomial 

2') ‘^‘*"*:* rlduM lor oltarUmcnt of romminator omscles; 27, tooth; 28, k.el of teoth; 

l»p; 31. bueral cavity; 32. eaorrttaRus; 33. aphluc.er; 1> oral ba«;ua] 
8i Jo, water ring; 30. nerve rlsR; 37, noncoelomic apace. 
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X\vQ siphons: the secondary or accessory siphon accompanies the proximal 
part of the small intestine, and the main siphon its distal part (Fig. 200^4). 
According to Eichcl)>aum (I010>. a second caecum occurs at the junction 
of large intestine ami rectum in some spatangoids (Fig. I99B). The 
digestive tract is simplitied in cly|H*astroids in that the intestine, after 
making the first circiih. turns and proceeds baekuard to the anus (Figs. 
201.1, 202.1), The first circuit or part of It is much widened and may 
perhaps properly be called stomach. 

(lislologically the digestive imct has the usual layers (Ilamann, 1887, 
Hcmnet, I02of. It is lineal liy a mtwtly eiliated epithelium of very tall, 
slender colls, followed hy a layer of connective tissue and then a thin 
muscle layer of mostly circular fibers: on the coelom ic side (he digestive 
tract is covered with the flagellated peritoneum, (Jland cells may bo 
present in the lining epithelium, espcidally in the pharynx (Fig. 199(7): 
they also occur in the esophagus of Echinus (('hadwick. 11100) and other 
regular urchins (namaiiii. 1887) but appear wanting In the intestine. 
IloniU'l (11)25) wax unable to find any gland cells in the intestine of 
several regular echinoids investigat<*<l. In place cif typical gland cells, 
glandular crypts may ixrnr in the e.sophagus (Fig. 100/-)) and appear 
r<'gnlurly present in the esophagus of spatangoids (Fig. 200/1). Lungi- 
tudinnl mus<*le fibers may cwcur to the iuuer side of the eirt'ular ones hut 
are generally sparsely develoiH^l in eehinoids. Connective tissue permc* 
ales the muscle layers and by some Is regaid<*<i as eonstifnting an external 
connective- tissue layer. The siphon resem bit's the .small intestine 
hUto logically. 

12. Water-vascular System.* This system follows the usual echino- 
ilerm plan. The <ligestive tube on emergence from the lantern (when 
presenli is eneircle<l by the* main water ring (Fig. 11)1.1) from which the ^ 
.stone canal ascends vertically through the coelom to the mad report ' 

plate, accompanied throughout by a conspicuous axial gland (Fig. 200(’J 
riie water ring further gives ofT in each interradins in line with the ahoral 
ends of the teeth a branch to a small body that lies on the aboral surface 
of the lantern hist Ijeneath the coolomie membrane covering (he letter 
(Fig, 1970- ^hese five small lux! i os are often callerl polinii vesicles, 
but as they seem rather to be of lymphoid nature, they are perhaps better 
designated spongi/ bodies^ They are generally present in echinoids havin? 
a lantern, but in ridaroids, probably echinothuriids. and some clyp^ 
astroids, there is, in plac'G of the spong\' bodies, a continuous spong.v ring 
intimately associated with the water and haemal rings. 

From the water ring are given off in the radial positions the h'C 
radial water canals. These run beneath the rotules an<l descend the sides 
of the lantern along the out»r surface of the comminator muscles (Fig 
194.4). They then proceed along the inner surface of the peristome 



rio. l.niitcrh (rtinrhuleiiK dixc'live »>i>lehi. A. lantern of Clypco^tii, oral vivH . 

IS. :<atne nft A. u^Miral view. ertM>'» sei'Cion IhrouKU a pyramid, uuI<Klon( D. ctom 

U*f«yK|» a p>ra»iu), rBinarmi«»nl lype, (r. D. o/lrr Lok r, 1892.} E. pyrnmld of u 
(iiailehtuticj ia/ttr Mcrttmaen. showiiig SDiall. Migrated opiphyACS. F. di»»oetion 

of 7 'iitnerittfa renfrjcocM*. »<H*n fruin IIm* oral ?u<k*. I. voinminator muffles; 2, pyramid; 3, 
toaHA,. i|,nt m over agriele.,; 1 . RuUnir«: s|KmB% Iwalwn of rolg|c>. un«l epipliy »<•?-: 

Y »»« pyromid; 8. section of loolU; 9. ko«| of loolli: 10. epipliyaU; II, tooth: 12. hntern. 
'IHnehcili la, eiophasu;*', 14. e»c<*um: IS. Mtiall interline: 16. large intestine; 17. haemal 
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giving off an unpaired branch to the two buccal podia of their respective 
radii and, passing under the arch of the auricles or betn’een the two 
auricles of each radius if these are not fused to an arch, ascend on the 
inner surface of lh<- lest to the terminal plates. fHere each radial canal 
passi's through the pore of its terminal plate and Terminates as the lumen 
of a sliRht protrusion called the terminal tentQcle)(Y\g. 194B). In iheir 
courf^e ulorR the inner f^urface of the test the radial water canals lie to 
the inner side of the h.vponoural of the radial nerves (Fig. 195^). 

A:^ they ascend the inner surface of the test the radial canals give off 

hrunches for the ampullae of the podia (Fig. 
the ampullae m regular urchins are thin, flattened, elongated 
Bac.s that he co^eiy packed in two rows along the coeiomic side of each 

test (Fig. 

1 J8/'}. ^The radial canal gives off a branch, usually guarded by a valve, 
into oacli ampulla, and from the ampulla two canals pass through the 
coiTcspoiuhng amhulacral plate by the pore pair and then unite to a 
8!iigk* canal that forms the lumen of the podium (Fig. 195/1).) In young 
«UgcH the ampulla communicates with the podium hy a single canal, and 
this condilica is maintained throughout life in many of the podia of 
irrcgumr ccjinoids; hut usually calcareous growth later subdivides the 
pore. (oiinc(tK.n hctvsoen ampulla and pwlium by two canals is 
seemingly of respuatory >>igniflcance^.s a water current is maintained in 
a circuit by nuy of thcKc canals. (The water-vascular system is lined 
througiiout by u ilatCncd ciliated epithelium of coeiomic nature) This 
IS followed by a ccnncctive-lissue layer covered externally hy peritoncuni. 

Ill the ampiiiloe there is in addition a layer of circular muscle fibers 
between the lining epithelium and the connective tissue; and strands 
of thc^c muscle fil>ei.< covered with epithelium also cross the lumen of the 
ampulla (Fig, 19.5.1 J. 


In regular cchinoids the stone canal extends vertically between the 
madrcponle and the water ring. The opening through the madreporite 
18 always by way of a chamber or ampulla situated beneath it (Fig. 201(7). 
In early stages of echinoids there is but a single pore through the madre- 
poric plate, the hydrupore of ec hi noderm embrj'ology, and this condition 
is main(u|ru‘d throughout life in some clypeastroids (Fig. 205^). In all 
other echinoids, however, the number of pores through the madreporic 
plate gradually increases during ontogeny, stone canal is closely 

accompanied by the axial gland to which It. is bound by a common 
mesentery that more orally also includes the esophagus) (Fig. 200C). 
The pore canals tfi rough the madreporic plate arc iinw by a ciliated 
epithelium, and this is also the case with the stone canal. According to 
Hamann (1857), each of the cells lining the stone canal bears a single 
cilium that should property be regarded as a flagellum. External to 
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the lining epithelium (he well of the stone canal consists of connective 
tissue heavily impregnated \s*ith calcareous spicules, and external to this 
the surface of the stone canal is clothed ^ith peritoneum.^ 

In spatangoids there are two calcareous ridges on the inside of the test 
beneath the madreporic plate, and the pore canals pass through one of 
these directly into the stone canal without the intervention of an ampulla. 
The stone canal is here also closely attached to the axial gland, and ai 
about the middle of this gland it loses its characteristic epithelium and 
calcareous stiffening ami passes into a mesh of water canals closely 
applied to one side of the axial gland. From this mesh a water channel 
finally emerges on the oral side and enters the water ring. In the absence 
of a lantern in spatangoids the \vater ring Is found on the inner surface of 
the test around the e<lge of the peristome in close as^sociation with the 
nerve ring and the haemal ring (Fig. 204.1). 

13. Axial Gland. Thiin is an obvious, elongated, dark-colored body 
of spongy appearance that in regular echinoids accompanies the stone 
canal from near the ahoral surface of the lantern to the vicinity of the 
madroporiie (Fig. 200f’). It is variously calh*d in the literature heart, 
kidney, ovoid gland, brown gland, and other names and has given rise to 
a surprising amount of argument »ml disagreement as to iU stru<>turdl 
relationships and function. The clearest accounts of its relations to 
other parts are those of Ilamann (IK87) ami Leopoldt (1893). The gland 
la not en<’lose<l in any coelom ie eavity, or in other word.s, an axial sinus 
is lacking in echinoids. The gland is of fusiform shape, widest through 
its middle region, tapering to the ends. H is hollow, containing an 
extremely irregular cavity that ends blindly in the oral direction and 
represents a eoelomie cavity, that of (he right axocoel, (Consequently 
the lumen of the gland is lined by eoelomie epithelium. At its aboral 
end the gland often narrows abruptly into a finger-shaped process with 
which it terminates. This pro<'ess projects into a eoelomie space (Fig. 
20 1 C) shown by embryol chiral studies to represent the right axocoel. 
It is claimed by s(»me atithors thr t the aboral end of the axial gland 
communicates with the ampulla of the water- vascular system, whereas 
others do not reconl any sttch connection; however, th<* existence of sudi 
a connection is indlcate<l by ex|K*rlment (see under physiology). A 
large haemal channel (originally mistaken for a duet of the gland) 
asconds from the haemal ring at the top of the lantern into the axial gland 
arid forms a complicatcfd mesh of haemal spaces over its surface. 

ttinus* 8. st^ne cAiiftl; 9 . rectum; 10. eod ef primary siphon; 11, meHonl«ry; 12. 
ahorsi or genitsi emus: 1(3. s^noducts; 14. aboriil ends of fonuds; IS. str&ods of periproutsl 
16, ftxial gland; 17. lop of Isntero: Id. corepnssos: 19. aboral ends of teeth; 20. spongy 
denial sscsitt, •(Mphyeis, 23. epithelium; 24, basement membrane: 25, Rlondular 
®^pts: 26. connective tissue; 27, longUudiaal muscle fibers; 2S, circular muscle fiber#; 20. 
olomjc epithelium; 30, pentagonal pharyoi; 31. strand# of attachment of the pharynx. 
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In $patangoids the gland is shorter and begins farther away from the 
oral surface, at the end of the digestive caecum, to which it is attached 
by a racsenterj'. A haemal and a water channel ascend from the haemal 
and water rings, respectively, around the peristome and run along one 
side of the gland, breaking up into networks, although the main haemal 
channel remains recognizable- According to Hamann (1887), haemal 
and water channels here communicate with each other. After the stone 
canal emerges from the water network it accompanies the gland to the 
a bora I surface. At the a bora I center the three ring-shaped coelomic 
sinuses present in regular iH'hinoids are represented in spatangoids by 
one pentagonal space (Fig, '204 R) in which the narrowed a bora) end of the 
axial gland terminates while the stone canal proceeds through a calcareous 
ridgo to the madreporite (page 473). In this aboral coelomic space the 
blood sinuses communicate with the termination of the axial gland. 

Histologically the axia gland in regular cchinoids consists of a 
connectivc-t issue mesh work enclosing coelomocyfes in its meshes (Fig. 
202 /i, C). Around the jH*riphery is a network of blood spaces, and the 
e.xtevnal surface is clothed with coelomic epithelium. The peripheral 
part of the gland also contains numerous brown inclusions, whence the 
name l>rown gland cmployc<l by (*ut''not and others. The axia) gland of 
spatangoids is similar, except that the bl<>o<l spaces arc more confined 
to one side and there are fewer cells in the con ne<*tivo*t issue meshes. 
The function of the axial gland remains uncorlnin. although aJi excretory 
role appears proliuble (sw later under physiology). 

The opinion of ('ut'nirt tUM8) that the axial gland of cchinoids (and 
other Kloutherozoa) is not homologous with the stru<’ture of the same 
name in crinoids and theix'fore should l>e calknl liy some other name, as 
brown gland, is not accept e<l by other workei's. 

14. Haemal System. Accourit.s of this system are based chiefly on 
the researches of Perrier (l87oj, Hamann (1887), and Hoiinet (1925). 

In regular (H^hinoids a haemal ring eiieircles the esophagus on the aboral 
surface of the lantern (Fig. 203). This gives off in each interradius a 
branch to the corresponding spongy' body ami in each radius a radial 
haemal sinus that pu.sses down the outer surface of the pharynx inside 
the lantern (Fig, llH.l) and then proceeds onto the inner surface of the 
peristome. It then passes under the arch formed by the auricles and 
eontinuos in the radial position along the inner surface of the test, being 
located between the hyponeural canal of the radial nerve and the radial 
water canal (Fig. lOoA). Branches are given off into the podia that 
accompany the podial branches of the water canal. 

The other main channels of the haemal system arc the two con- 
spicuous sinuses that accompany the festoons of the small intestine. The 
larger of these, the inner or ventral marffinal sinus, springs from the 
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FlO. 202. — Digestive trarl. axial gland (ronrludetlK A. di-'^liou of keyhole 
Uollnr, .\feHiia (o/lcr C»e. 191 _S. fl. vto^a section uf the axial gland of Arbdeia hxuhi. ^■ 
cnlurgcd portion of B. (H. afur H^rnonm. ISS7.> 1. Iguulc: 2. broken surface of •c?l. 
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incsli: 14. co«loiooeytea: lo. mesentery: in. rectum. 
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haemal ring, runs along Ihe rsophagii<:. and arcompanioa tlie inner side 
of the festoons of the intestine, branehing richly into the intestinal wall 
(Fig. 203). The outer or dcraol mcrginal sinus is found along the other 
side of the festoons of the small intf'^tine: its origin is uncertain, but 
apparently it branches from the same channel that supplies the axial 
gland. It also gives off a rich network into the intestinal wall. The 
inner sinus continues along the large intestine but the (niter one gradually 
dies away. In a few genera of regular urchins {KchinnH, Psnmmcehins, 
Sphocrtchinus, Bonnet, 102 * 11 , there is pre.'ienl an additional col lateral 
simis that lies free in the emOom between iIm^ lanlem and the intestine 


and eonnej't.s with the outer marginal sirius by alxait 10 widely spaced 
channels I Fig. 203 f. The collateral sinus has been observed to shove 
contractions. The sinus for the axial gland urisi'.s from tlic huemul ring, 
branches richly over the surface of the gland, and then reforms at the 
sborul end of the gland into a channel that enters the afioral haemal 
ring, 'Hiis latter is enelosod in the aboral c<M*!omie sinu.s (Fig. Ib7.1 ) and 
gives off branches into the gonads. 

The ha(‘nnil .system of spatangoids is similar exc'ept that the oral 
haemal ring, cla^^ely assocdattHl with the nervous and water rings, lies 
along the inner surface (»f the |MTist(»me (*dge and gives off the five radial 
simws directly (Fig. 201.1). The Intestine is also here stip plied by an 
hmer and an outer marginal sinus, both of which give off :i rich vascu- 
laruation into the caocvim. \ brunch from the haemal ring ascends to 
the axial gland fr(»m which ehannels rt'ach an aborul n(‘tw*urk inside the 
g(*neral aboral sinus: this aboral network also sup]>M(‘s the gonads. 

The haemal sinuses or lacunae lack a dehnite lining and consist of 
r on n cct i ve tiasvie c o veretl external ly by peri t oi i evi m . S cai 1 1 y I on gi t u d i nal 
muscle libers and sometimes also circular fibers arc present bemeath th(‘ 
coeloinic covering in those sinuses that are capable of contraction, 
especially the inner marginal sinus and the collnleral sinus. Xo state- 
ments have been found conoerning the circulation. 

In older works the hyponeural sinus is called pseudohacmal or some- 
times peri haemal canal and an air of mystery is thereby thrown around 
Ibis space. The hyponeural sinus or canal is not part of the haemal 
system except in the sense that the contained fluid differs little between 
naemal and other spaces but is simply a eoelomie canal that, like the 
cpiticural sinus, cushions the radial nerve cord and presumably also 
‘supplies it with rmiritum. According to llamurin (1887), both epincural 
^nd hyponeural srnuscs are lined by eoelomie epithelium, but embryology 
shows that only the latter is of eoelomie origin. 

16. Reproductive System and Reproductive Habits.— In regular 

•tioids the reproductive system consists of five gonads, sometimes 
more or less fused, suspended by mesenterial strands along the inner 
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surface of the interambulacra. When ripe they are quite volumiaoua, 
lobulated bodies that occupy the available space between the intestinal 
festoons and extend from the aboral center almost to the lantern (Fig. 
20.).'1). At its aboral end each gonad narrows to a short gonoduct that 
exits by the gotiopore in the corresponding genital plate of the apical 
system. The gonoducts are elosel.v associated with the aboral nerve 
ring of the eiUoneuval ner^'ous sytem, the aboral haemal ring, and the 
aboral coclomie sinus. In a few echinoids the gonopores are mounted on 
pa])illac in males or in both sexes. In most irregular urchins there are 
only four gonad.s (Fig, 2015). as the retreat of the periproct along 
intcrradhis AB usually destroys the gonad of that interradius, although 
the gonad has returned in some clypeastroids and a few others. In at 
lea.sl some species of the spatangoid genera Afxitus, SchizasUr, and 
Uvcnia, there arc but throe gonads, as that of interradius CD has also 
vanished; and in Schizazier canaiiferus the number of gonads is further 
reduced to two (Fig. 20 IC) by the disappearance of the gonad of inter- 
radius J)E. 

1 he echinoids are strictly dioecious, and hermaphroditic specirnens 
occur only as rare anomalies. Gadd (1907) reported a female specimen ^ 
of S(ro»gi/L drdhhaehiensiz with one male gonad. Mguier (1900) found , 
a hermaphnxijlic individual of SpftQcrrchinus ffranularis, and Neefs I 
(1051) reported one with two testes and three o votes tes, Several eases | 
of hermaphroditism in Par, Hvidus are on record: Horlant (1918) had 
one with three normal testes, one atrophied testis, and one ovotestis; | 
Gray^s specimen (1921) was mainly female, with throe ovaries and two 
ovotestes; the specimen of Drzewina and Bohn (1924) was also a female 
with four ovaries and one testis; and of the seven specimens of Nesfs 
(1937), four were mainly female with one testis or ovotestis or with - 
patches of sperm on the ovaries, and the gonads of the other three wW 
male proximal^', female distaljy. A hermaphroditic specimen ol 
Arhacio puncluloia with four ovaries and one ovotestis was reported by 1 
Heilbrunn (1929), another with four testes and one ovary by Shapiro 
(1935), and still another with five ovotestes by Harvey (1939). Rever- 
beri (1940, 1947) recorded a total of six hermaphroditic specimens of 
Arbacia lixulCf two with four ovaries and one testis, tw*o with four testes 
and one ovary, one with three testes and two ovaries, and one with on« 
testis, one ovary, and three ovotestes. This same author also had a I 
Psatnmechimiz microiubercuhtuz with three o\'arles and two testes, H< 

B. Moore (1032) found a hermaphroditic Echinus cscufcnlus with four 
ovaries and one testis and later (1935) recorded an Echtnoctirdiuri^ 
rordatum with ovotestes. Xcedham and A. 11. Moore (1928) had a sand 
dollar (Dendrasler excentricus) in which each gonad was half male and 
half female. A Japanese urchin, Strong yl. puicherrimvs, with one o\'ary 
and four ovotestes was reported by Okada and Shimoizumi (J952), The 
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sex cells of hermaphroditic urchins are commonly seif-fcrlile, but develop- 
ment is frequently abnormal 

In most echinoids the sexes cannot be distinguished externally 
except in the case of brooding females, hut an external sexual dimorphism 



Fio. 20S. tysUm ol BeKinuM (a/<^r P<rrifr. 1875>. rotnpAM; 2. »bor*l end 

^ tooth; 3, aponK>' body: 4. haomal nng; 6. inner margrinal sinu»: C. outer marginal ainuB; 7, 
branch to axial glaad; S. collateral ainus: 9. cadtal unua: 10 . branehes o{ radial sinua te 
(Mdia: H, ampullae; 12. perignathlp girdle; IS. cut edge of teat; 14. exteoaiona of marginal 
amuaea onto largo in tealine; 15. esophagua; 16. caecum; 17. amall inteatino; IS. beginning of 
largo inteatine; 19. juoctioo of inner marginal ainua with haemal ring. 

obtains in a few species. In Psammfchinus mi/wrtg the gonopores are 
mounted on short papillae in the males but not in the females, and in 
l^chinocyamuf puMvs such genital papillae occur in both sexes but are 
much longer in males (Marx, 1929). Claims of sex difference in test 
shape in various echinoids (Studer, 1880; Iked a, 1931a) have been dis- 
proved by broader studies (Cascia, 1930; Mortensen, Monogr.). In 
brot^jng spatangoids the deeper excavation of the petaloids in females 
istinguishes them from males even when not brooding. 
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Tho eggs and sperm are shed directly into the sea water and ferti- 
lisation and development ensue immediately. Little information is 
available concerning the factors inducing spawning. Fox (1924b) 
obsorx'cd that the presence of a .<^pawning Par, lividxis induces other 
individuals to spawn and that water containing eggs or sperm would 
cause ripe individuals to. spawn, with the males preceding. Direct appli- 
cation of egg or sperm water to the gonads or gonoducts proved ineffective. 
Tlio same author (1022. lt)24a. I<)24b) reported that Diadcma setosumM 
Suex .spawns at the lull moon during its breeding season and recuperates 
Its gonatU by the next full moon. However, ho observed only two 
spawnings (.fuly, August), and Morteiusen. working with the same species 
in 1 he .lava Sea during April and May. was not able to confirm lunar 
periodicity. 'Voshida (M>.*>2i reportinl that this .‘species bivods at .Japan 
from May to September and that spawning, csjM*oiallv in females, shows 
some correlation with the full moon. Spawning 'with reference to 
external factors has not l^cen notictnl in other species, and various external 
conditions tried pjovixl inefre<-ti\e in EchinomHra hennUr (I’eiment. 
(lardiner, and Smith. n>3l) and in Arbacin punctuhfa (Palmer, 19371. 
The former simply spawns when ripe shortly after being brought info the 
laboratory. Possifily z<K)logistK have not been interested in the natural 
spawning of echinoiils Wauae in this group artificial fertilisation is 
highly successful. Sex cells obtained directly from the ripe gonads 
almost invariably yieUI normal development. 

A curious metluMl of iudueing spawning is known for the common 
urchin of the western Alinniic, Arbnda punctuhta. If a cut is made 
armiiul the peristome or the ambitus of a ripe* .specimen of this species 
and the animal placed ahornl side down in a dish, it will spawn imme- 
diately, but not If placed oral side down, unless very severely injured. 
The analysis of Palmer tlf)37i has .shown that this reaction results from 
some suhstonee pr<xlucc<l by the injury that can reach the gonads more 
readily if the a bora I side is down. She further showed that suspensions 
oJ ground urchins or other eehinodertn.s or of disrupted .4r6an‘o eggs 
and sperm (but not undamaged sex cellsi or of ground frog or fish muscle 
induce spawning when applie<l to the gonads of Arbcda. Calcium and 
potassium salts are also effective, It is not clear, however, what relation 
any of those findings would have to natural spawning. 

It has heen noticed in a few cases that urchins tend to move inshore 
and aggregate when about to spawn. Orton (1914) states that Psaynm 
miliarxs tends to a.«sociatein pairs, most of which consist of oppasite sexes, 
at spawning time, and Torment ( 1910 1 saw LytrcAini/acanVj/flfws aggregat- 
ing preparatory to spawning. The spring inshore migration of Echinus 
csculcnM in British waters is related to spawning (Elmhirsf, 1922b), 

The gonads consist of an outer coelomic epithelium, a middle la.ver 
of muscle fibers and connective tissue, and a lining of germinal epithelium 
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(Fig. 205Z)). Spawning is directly caiu«e<l hy the contraction of the 
muscle fibers- Palmer (ID37) obsen'ed this contraction on the appli- 
cation of extracts of injured tissues to the surface of the gonads. It is 
difficult to understand how this contraction is menliated since in most 
urchins there appears to he no direct noiwe supply to the gonads. Palmer 
Haw no effect on injury of tlie txoTvc ring or radial ner\'e5. 

It is probable that most echinoids have an annual breeding cycle, 
extending over a few to several months at a definite time of the year, 
Following spawning the gonads are retrogn‘ss(ul and ranch reduced in 
size and must build up again for the next spawning perirxl. This annual 
cycle has been described hy ('aullery (101*2. for the common heart 

urchin of western Kurope (Echinoraniium rorfiatutn). In the fall the 
gmiads begin developijig a new lot of sex colls, spawning occurs from April 
lo.lunc, with the males ripening before the females, and any remaining sex 
cells are phagocytized hy reserve tissue tlml grows and reforms sex cells. 

In the Xorthern Hemisphere most echlnolds spawn in spring and 
BumnuT, usunlly curlier the more southern the latitude; this indicates 
Home rclutUm of rise of temperature to the onset of spawning. Tlie 
Harm* species may spawn at a different time in different geographical 
regions. The eommon urchin of the New Kn gland coast, Arl)aria 
punctulala, is ripe in spring and summer. Off (‘arolina, Lytrehtnus 
KirieyntuH spawns in June and July (Tennent, lIUOi, whereas the same 
^^peciCM in the West liulies is ripe in March and April (Morlensen, 1921). 
Sevcral other commoJi West Indian echinoids also spawn in Mansh and 
April iMortcnsen. 1^21): ariHUarum. Tripncuntes ventricoxus, 

Echinomftra lacunUr. ami .Urltita gfxicspirforafo. At Ib^rmuda, liow- 
c'vor, iJia/ifma anlillarum is rip*‘ in July (Mortensen, 1031). On the 
Pacific (’oast of North America. Strongylorfn(rotu9 fr<tnct9canu8 and 
Onulranicr fxcfnlricu$ were found rip<* in May and June at Vancouver 
Island by Mortensen (11121). In Puget Sound, S. franciscanue and 
purpuraiux are reported as breciling in March and April (Johnson, 1930), 
''hcroas ut Pacific Clrove, (’alifonua, ripe specimens of S. purpuralue 
•riay be obtained from January to July, best during February and 
March, and of S. franciscannii from February to July, boat during April 
and May (Newman, 1923). .Mortensen (1921) found ripe echinoids at 
Panama in October, December, and January. Psammcchinus miliaris, 
one of the most common regular urchins of western Europe, may be found 
.. ''ith npe* gonads from February to November (Orton, 1923a), with the 
•Tiaximum breeding period varj'ing somewhat with locality, andA'cAinufi 
fscuhnlHs, another common urchin of this region, is ripe from February 
to August (Elmhirst, 1022a), best from March to June, with a maximum 
^ May, The annual cycle of the latter at the Isle of Man has been 
described by Stott (1931) and H. B. Moore (1934); here the males show 
some sperm hy late autumn, but the female.'^ are not in spawning condition 
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>10. 204.- MsMnal syatem (concluded). reproducti%*e A. scheme oJ 

;*ri»tpmo of a spmteikKoid {^tr A'«<Wcr. 1&83I. B, aboral side of lest vic»<d from 
showing the four gonad», »palangoid, .Ve«in« rentrif^tQ: iJic t»o left gonads are f««d. 
aboral side ol test of Sthuo$f<r viewed from the inside. sJiowmg the two gocisds 

{after KoehJer. 1SS3). i, radiai iier>e: 2. ampullae; 3, radial baemal sinus; 4. radial water 
vessel; 5, nerve ring; 3. water ring: 7. haemal ring: 3, pistes of peristome; 9, mouth j Id. 
esophagus: 11, stone canal; 12. inner marginal sinus: 13. outer marginal sinus: H.iftoersjde 
of petalold; 13. anterior ambulacrum; 16, gonad; 17. goooduct; 18. aboral sinus. 
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until February, and spawning takes place mostly from March to May; 
in this region the gonads are spent by the end of June. The common 
heart urchin of western Europe, Echtnocardium cordatum, breeds from 
I April to June on the English Channel (Caullory. 1012, 1925), from May 
to August off Scotland (MacBrklc, 1911; Elmhirs^t, 1022a?, from August 
to September off Sweden (Mortensen, 1937?, and from October to April 
in the Mediterranean (Lo Bianco. 1888). According to the last reference, 
many of the common echinoids around Naples breed from late fall to 
March, some possibly throughout the year. Selenka (1879) reported 
the most common Mediterranean echinoids P$ammcckinu4 milians, 
Sphaercchinu9 gratiuiarU. Paractnlrotus lividus, Artxicta lixulOf and 
Echinocardium cordatunr as ripe in April. In pursuing his studios on 
eehinoderm development in many parts of the world at various seasons, 
Mortensen (1921, 1031, U)37, lD38i never failed to hnd some echinoids 
ill breeding condition. Many sp<*cies wore found ripe in the Red Sea 
from April lo June, others from July to .September; good development 
was obtained of several speoies at Mauritius in September and October, 
oft .Japan from April to July, at Hawaii in April, at Panama in December 
and January, in the Java Sea in May, and at Port Jaokson, Australia, in 
Febi-uary, A number of Japane.se species were bred in July and August 
by Onoda (1930). Satmccis bicolor at Madras is said by .\iyar (1934) lo 
breed throughout the year. 

A number of eehinoid.s, chiefly ridarolds and spatangolds, brood their 
young, and as in other eehinoderms, this liabit is particularly prevalent 
in the antarctic. The eggs, generally large and yolky, de\'elop on the 
' peristome or around the poriprwt in eidaroids (Fig. 20.)O, sometimes in 
an annular sunken area; In siwtangoids, deepetie<l pi'taloids serve as 
brood pouc hes ( 1 'ig. 200) . Adj nw n t spi ties e ri ssc rossed o^' er f h e b roodi n g 
^ area help keep the young in place. Apart from eidaroids, only one 
j regular urchin is known to brood its young, fltjpsicchinui coronalus 
f (Mortcnseii, 1903), iiclonging to the Temnopleuridae. This species is 
limited to the far northern part of the North Atlantic. It is sexually 
dimorphic in that females have an elevated perlproct around the base of 
whic*h on the apical system of plates the young are carried. Brooding 
is commoti among eidaroids. Thomson (1878) reported two antarctic 
brooding eidaroids: Clenocidaris nulrix from Ke^uelen that carries its 
young on the peristome and Austrocidaris canohcuUita from the South 
• American antarctic (Fig. 205C) that hroorls around the periproct. Two 
additional brooding eidaroids from the antarctic were reported by 
Morlengen (1009) from the collections of the German South Polar 
Expedition: Rhynchocidarii Iriplopora and S'olocidaris gait^sensi$. Both 
carry the young on the peristome protected by spines and in the former 
species lodged (35 counted) in a circular depression. Still another 
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Flo. 205.— tleproduilive brtM>dii»«. A. abdral half of lh» UiX o/ Tripnf^^f*^ 

lertiricottii, swn from lliv m*.uj<-, sho«»ie ih** ffon»<la. 8. IrnKMlm; sand doIUr. 
nulrifni, with brootlinc dv|>rc»>i<ii) go tin* ahoral g«ffa«M‘: tioiv hi<k pf polahn'^' 
Woflfnsfn, MonoQf,). V l>r<Mxlmc aii(a*vti«* ridsirnid. Aual’vriihfis raualictM^- I 
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antarctic brooding cidaroid, CUnocidarU ^pincsa, with peristomial brood- 
ing, was found on the Australasian Antarctic Expedition (Koehler, 1926), 
and two more on the British, Australian, Xew Zealand Antarctic Research 
Expedition (Mortensen, 1950). These last were CUnocidaris perrieri 
and geliberti, brooding on the peristome, vshieh is sunken around the edge 
in the second species. Other cidaroids with peristomial brooding are 



1 ** 10 . 20fl. nrrwKlijiic niMitBriicvMi frvin K<'(cu<'len, Af>oiut r»rrfo^u*, with yriunft in the 
puaterior jtetnioids ia/ler Th«m^n. IM7S>. I. eriCtTior *nihuWrutii: 2. j>»tuloidH: 3, peri* 
I>«Ulous furiole. 

(tonioeMaris um5rofMfi/m from New Zealand tMortensen, 1926) and 
dporoddarts milUri from deep water oft Panama (Mortensen. 1927a). 

Among the im^gulnr eehinoids two brooding species belonging to the 
order Cassiduloida arc known. These include Anorhanus 9inensis 
(Onibe, off (.‘hina, and TropholamjMS iotTni. off South Africa 

ill. L. Clark, 1923). The former is the first bro<Kling echinoid discovered 
and no other speeimen has been found; the insunken aboral center acts as 
a hrood potich in both spe<*ics- Brooding is common among spatjin golds, 
and Mortensen is of the opinion that all antarctic spatangoids brood, 
Usually in the deepetjod petal oids. Apparently all mem})ers of the closely 
related genera /I6afu«, Ampkinruxicft, and Tripi/liis, limited to antarctic 
and fiuhantarctic regions, have the bnioding habit. The well-known 

Tk^m40n, ISTSi. £>, »or<ioii Qf Hk* of Arteefo (fi/ter Pulnxfr. 1937). 
n brolicn etSuv of 2. rodml wtet ronAl; 3, ampullae; 4. podial branches of water 

S. lari^ Inteetine; 0. gonad: 7. aboral mrub plus aboral haemal ring: S. gonoduet: 9. 
I sinus: 10. pr unary spinee; II. set'oiiiUry spinas: 12 , brooding dcprosi^ion: 

. bydropore; 14. gonoporea; 16. germinal epithelium with ova; 16, connective tissue: 17, 
croM •ectwns of muscle fibers: 13, coelomic efutheluSm, 
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ViO. 207.— Enibryotetj'. A. <kav«g« sfg9. 32 ctlls. B. lol«r clefcvaf* of 
mtchinus mifratuUreulolua, showtnf group of inicroin^rts at the v‘«g«tal pole (oper 
1883). C. blast u)a. giving off primary mesenchyrne. D. beginning goatrulatlon. b, 
goat rule tion compleleJ. secondary mesenchyme coming off. (A. C. D. B. Par^enlrol»» 
luidut, after Botari. 1901; heav>‘ stippling indkatea orange band-) P. section of gastnil# 
Eehinut eaeyilfnlut. giving off the coelomic aacs {after MacBride, 1903). <?- >'ouftg plute^s* 
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brooding spatangoid from Kerguelen reported by Agassiz (1876) and 
Thomson (1878) under the name Hemiaster is identified by Mortensen 
as Abacus cordatus (Fig. 206). Brooding in the deeply insunken aboral 
center Is suspected by Mortensen flfi.MlI for another antarctic spatangoid, 
nordenskjdidi. One sand dollar is known to brood in a 
crescentic sunken aboral area. Fibularia nutruns (hig. found off 

N'ew South Wales- 

16, Development. The eggs of eohinoids (except hn«)ding species) 
are mostly small and transparent and when shi'd into the sea water 
generally sink, although a few are fliwiling. (‘leavage progresses rapidly 
and is of the holoblastic, equal ty|>e up to the eight -cell stage, whereupon 
the four vegetal cells each give off a small mieromore at (he vegetal 
pole, being then themselves known us maeromeres, a.s by this unequal 
division they are left slightly larger than the eclis of the animal half 
or mesnmercs that continue to divide equally I Fig. 207.1. The 
micromcros undergo further divisions, pr^Klueing a group of small cells 
at the vegetal pole, and the maeromercs ami mosomeres jir.x eed with a 
number of successive cleavages that are approximulelv equal. Ihere 
results a coclobla.slnlu of about 80f) to ItKXI cells that are m<»re or ksa eciual 
except for the small cells at the vegetal p(»le. Details of the cleavage 
have hceu published by Selenka (1883) U>r Pantrt'iitrotuH iiriduii. Sphae^ 
rechinui grttnularisy uii<] /^#omnr<cAi««« micrvtulH’renliHus. by Moisch- 
mann (1888) for Echinocanlium cenhtum. by Morgan (1891) for dr^aefe 
ufa/a, by Hoveri (1901) for Paracfulrotus lividux. and by Mucliride 
(1908) for Echinus cscutnUuH. As the accounts agree for the various 
•'r>ccie8. it may be assn met! that (he cleavage follows the same pattern 
throughout th(‘ gr<iup. 'I'he egg of Paraccnirotus lividus lias I)eon u 
favorite object of embrvological investigation because it ha$ a hand of 
orange pigment in the vegetal hemisphere. The orange pigment can he 
followed during development, and by this means, together with many 
ingenious experiments (reviewed by Horstadi us, 1939), it has been learned 
(hat the micromeres furnish the primary meaenchyme, the meaomcres 
and the upper part of the macromeres are ectodermal, and the lower 
fnacromeres, those adjacent to the micromen's, i n vagi n ate as arehenteron, 
The echinoid egg is therefore organized with ix-spoct to the future embryo, 
^ind hence its development belongs to the determinate or mosaic type. 

The cells of the hlastula soon put out flagella, and the blastula begins 

A>uhf>ri.iarit, oid^t plu«eua. «4MA9Cidan«. «rms hesinnins. tract 

•iinercnliaied, (0. //. ofUr OnoJa. IM I .) Th« oriMit^liori of <7 »nd // U 1 l»c »amc as o/ B. 
o sfipw rclotion of pluleal axU lo fastrular axis. 1. nicsornercs; 2. macromeres: 3, mlcro- 
m«»oncUyme: 5. archenteron; 0. secondary mesenchyme; 7. epidermis; 8, 
oiesiotoel; g, Mxstopore; 10, coelomic sacs: H. apkal sensory thickening; 12, primary 
l»nl< ^ tobe; 14. postoral arm; 15, inouth; 1$, csophatus; 17, stomach; 18, mtes- 

three branches of spicule to form lattice rod ii» postoral arm; 20, anterolateral arm. 
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rotating mthin the fortilisalion membrane that ruptures, setting tbe 
embryo free. This stage, the swimming blastula, is generally reached 
within 12 hours. The vegetal pole of the blastula flattens, and the cells 
here begin proliferating mesetiehyme into the interior (Fig. 207CJ. This 
primary mesenchyme, whicli Is (lesc*ende<l from the mieromeies, gathers 
in tfui vegetal part of the blasloeoel and secretes on each side a triradiafe 
calcAveous spicule (Fig. 207 Mean time a typical embolic invagination 
is in progress, establishing a rather long, narrow arehenteron (Fig. 207F). 
The advancing tip of this continues to proliferate mesenchyme, the 
secondary me.s<*nchyme. A large space, occupied by mesenchyme, 
remains I )e tween the arehenteron and the gastrular wall. The inner 
end of the arehenteron promptly cuU off as a eoelomic sac that at om-c 
divides into two .sacs, the right and left hydr<H*nteroeoels, or the cocloinlc 
sac is hi lolled before separating from the arehenteron (Fig. 207F)- The 
gustrnla stage* is completed within 1 to 2 days. In either the hlastula 
or gastrnia .stage there is e.stnblishetl at the apical pole the usual sensory 
patch provided with long cilia (Fig. 20K.lb 

The gust rn In a It el's into u eliaraeteri.stie larval type, the plukus; 
as hoih ophiuroicls and eehinoids have a pluleus hirv'a, that of ccluiioids 
may he referred to when m*c‘<*joyiry ^^cchiuoplutrux. The Inins form at ion 
of the gastndu into the phiteu.s hegins by the elongation of I he former 
into a conu'al shnix* (Fig, 2076*). The a|H'X of the cone represents llic 
animal ))ole. and I lie bas^* of the eone is the flattened vegetal surface 
with the f>lastopore in iu center. One si<le of the gust ru la, destined to 
liecome the oral surface, Mallens, The ajiox of the conical gastrulo 
rouixls into an oral lobe that inclines toward the flattened side. 
under the oral lube on this flattenecl side a s(om<Mlaeal juvaginutioa 
breaks through into the are henteron, which now, if not previously, 
different iote.s by constrictions Into esophagus, stomach, and jiitc.^tiu^' 
(Fig. 207//). The digestive tract and hence also the larval axis thu^^ 
form a curve from the original hlasto|H>ral side to the present oral surfac*c 
(Fig, 207//). The blastopore remains as the larval anus. The larva 
begins to put out slender projeetion.s. known as arms, .supported h.v 
skeletal rods secret ( h 1 by the primary mesenchyme. There first 
on the oral end opposite to the oral lube a pair of poxforal arms and thee 
in the oral lolie a pair of much shorter anfcrolalenil arms, I'hese arm> 
are supported by the two original spicules whose rays have lengl hence i 
into long rods that extend into the arm.s and also to the posterior end o‘ 
the pin tens as well as transversely into the body (Ffg. 20$B* The 
pluteous generally rea<*he» this four“armi*d stage in one to a few days an< 
swims about near the surface but usually develops no further unless it 
obtains food, mostly diatoms and other microscopic pianktonic organisms. 

If iiourishe<l. it grow.s and puts out additional arms, a poski’othrsaf paf 


1 



>lo, 2U8.--l£inhr)'oloK>' (t'ontinucdf. A. l>CKin»inc plulcus of Diadfma. nhowiriK 
picjil aeiiqory plal« (^rr Mortrnun. 193 1 h B. f«>ur-arnie<] s<af^ of Iho plulpU'Of Stronoyl. 
Wt**^^^?"** of U»e plut<>u6 of Paammcthitiut mitiarU, »cen from the 

/ * . ^tacBridt, I*J03). D. fully developed pluteua of Sifoug\il. francl^cannt, »ocn 

I'hvn ^*1 iB. D. Qfttr XtpHtntrn. 1921.) 1. 8eftM>ry plate: 2. arcUentoron: 3, meseii- 

g spicule; 5. postorni arms: 0 . anterolateral arms: 7. esophagus; 8. stuinacb, 

preofftr^"'^* ^•^'‘**^'>**roroeIa: 11. a»V'>: 12 . left Uj droenteroc-ocl ; 13, hydro pore: 14. 
I oral arms; 15. posterodorsal arrns: 10. Bnte*k>r epaulettes: 17. posterior epaulet to?*; 18 
rudiment; lO. posleroln.eral processes. 

4»l 
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near the postoral arms, a preoral pair on the oral lobe oral to the antero 
lateral arms, an anterodorsal pair near the latter, and sometimes a 
posterolateral pair at the sides of the posterior end (Fig. 208 Z)). The last- 
named pair is well developed in spatangoids {Fig. 2090) and some others 
but usually is very short, often indicated only by a pair of eminences, 
called the posterolateral processes. Thus a fully developed echino- 
pluteus may have six pairs of arms, but usually there are only five pairs 
because of the lack of development of the posterolateral pair, and many 
have only four through failure of appearance of the anterodorsal pair. 
The later arms are also supported by calcareous skeletal rods that arise 
from indepcmlently formed spicules, secreted like the first pair of spicules 
by groups of primary mesenchyme cells; in fact, the formation of the 
larval skeleton is the sole function of (he primary mesenchyme. The 
preora) arms are supported by the branches of an unpaired skeletal rod 
called the dorsal arch (Fig- 210.4) that aiso gives off supporting rods into 
the anterodorsal arm.s when present. A corresponding unpaired posterior 
transverse roil in (he posterior end of the pluleu.s gives off the supporting 
rcxls into the posterolateral arm>» when these are sufficiently developed. 
In (he pluteus the cilia (or flagella?) that completely covered thcblastula 
and gust ru la he<'omc limited to a band edging the arm.s, disappearing 
elsewhere, and the apical sensory patch is iiidistinguishnljly incorporated 
Into this imnd. 

The formation of the larval spicules has [>een studied by Woodland 
(1905), Prenant (19291. and von Fbi.s<*h (1937), who find that the spicule 
begins as a granule ill a mesenchyme cell or in a clear cytoplasm formed 
by the partial union of several m<*scnchyme cells (Fig. 2100- This 
granule soon becomes (brt‘<‘^anglod and rapidly grows into a (ri radiate 
spicule by means of mesenchyme colls groupc<l along its rays; apparently 
the rays are deposited in a clear plasm produced by partial fusion of 
strands of mesenchyme cells. Kxperiment has shown that the arms arc 
predetermined in the cctwlerm but grow out only in the presence of an 
influence emanating from the adjacent primary mesenchyme (Horstadius. 
1939). In the absence of a skeletal ro<l arms may begin to protrude but 
do not progress very far. 

The echinopluteus occurs in an infinite variety of shape and structurc- 
The plutei of a large number of e<'hinoid spoeies have been beautifully 
figured by Morten.scn (1921, 1931, 1937. 1938) in his splendid studies of 
the larval forms of eehinoderms, made on living material in near and 
far conievs of the earth. The arms arc usually long and slender but may 
be short and broad, and their angles with the main body of the pluteus 
vary widely in different species. As already' Indicated, plutei may have 
four, five, or six pairs of fully developed arms, and these are often beauti- 
fied by pigment cells of varied colors. The curious plutei of Diademo 
remain in the four-armed stage, and (he postoral arms gradually' shift 
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to a horizontal position, also elongating greatly. These peculiar plutei 
transversi (Fig. 209A, B) were known long before they could be assigned 
genericaily. Spatangoid plutei are distinguished by a median posterior 
projection, the aboral spike, supported by a skeletal rod (Fig, 200C). 




Fla, 200.— Embryolo^’ (continued). plutei. A. If an« verse pluleasor 

about 1 mm. B. br»dy of A enlarced. (/t, B. ajUr Morlentm. Moiio(jr,) C. 
"patanioid pluteus (£cAinecur«fiiti*i fprfiotum. afUr JferteBfca, 1931). 1, postoral anuK; 2, 

POHterolatcral arms; 3. preora] arms; 4. posterodorsal arms: 5. nnlervbteral orms: 0, 
antaroUorsal arms; 7, aboral spike: S. doreal arch; 9. red pigmented tips: 10. Iciiestrated 
tods; 11 , posterior transverse rod. 

The form of the skeletal rods is distinctive for each species. The rods 
*^ay be simple or thorny or fenestrated or variously branched or with 
thickened club-like ends, often thorny. There may be numerous branches 
anastomosed into a sort of basket work. Fenestrated or lattice rods, 
limited to postoral and postered orsa I arms (Fig. 210.4), are formed from 
three parallel branches that become united by cross bars (Fig. 210D). 

The locomotory provision is also subject to variation in different 




Flo. Einbryolo£>’ (rontinuodi. A. (cinnoplMirid larva to sUov skeleton 

T«nnfni. 1029), 3, cldarid Inrva ftoni alwve to shorn* ciliated lol>es (o/tfr Morlentm. 

1939). C. beinnnins forma lioo of a calcareous spicule. D. bc^nnih^ formation of a lattice 
rod. (C. D, a/lfr ton L'biich. 1937.) 1. oral lobe: 2, postoral arms: 3. preora) arms: 4, 

anterolateral arms: & posterodorsal arms; 6. dor&al arch; t, esophagus: 8, stomach: 
ma^nchymo cells: 10 . calcareous grantile: 11 . fenestrated rods: ( 2 . posterolateral processes: 
13. l>e«innTnp; of arm: 14. three apibea to form lattice rod; 15. ciliated band; * 6 ciliated lobes. 
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!»eiiera- In certain g^'ncra. especially' Erhinu$, Sphacrcchinus, Psam- 
m(!(ckinu$, and StronQt/focrulrotit.^, porlionjs of the ciliated band, mostly in 
fouv places, between the arm baw^s. l>(*c<jme thickened and arched and 
provided with especially long cilia, being then called rpauhltes (Fig. 
208/);, Those M»parule from the cilia t^l band, which heals together 
after this separation, and Invomc llu* chief hi<'omot<.ry nrguns of the 
larva. 'I'liere may Im* one circde id ejmuletfe.s anteriorly sit na ted, or 
another posterior set. nn<i in each case they may Ik‘ more t»r less united 
into a ling. In other genera, as Arftnrui and f'iihrix, the pinteiis may 
put out .spiTial eillate*! lobes, f>etwcen llu- arm buMs, independent of the 
ciliated baial edging the arms. 'Phc^-e Itilws ate termed variously 
vlbratile |of>e,s, auricular lobes, r»r auricles * Tig. 2l0/i>. 


The pliitous is a tiny creature of micn»>cof>ic diinensimis, swimming 


about in the surface waicax wli<*ie if ran Iw cd^taiaed by menn.s of a 
plankton net. ^Veek> or months may Ik* re(nnied for ifie pluleus to 
attain full external develo|nnenl. Meaniiine, of course*, ehange.s are pro- 
eee<llug internally. e.'.|«*eially a^ regards ilir hy<lrtH*nlercK*<H*Is. Aeeountfi 
of (he later d<*veloi)nient are given fiy Uury i lHH!i, IKii.’if i*ory*^«»o«cr/;ma^ 
m irrol u ht rni fti I tut , T h t’v\ i ! S02 1 f « ) i* Prit i « fx'n*i tu u x p tixili « x, M a( • 11 ri d 
1 1903 1 for Kvfiiuus cxcidr;W«« an<] • 19 1 1. lOISi tut Evhinovunliutn tonhlumi 
von I l)is< li { 1 9 1 3b) for i*aract ntnUta. lintiux, and Omnia (1931, 1930) for 
AnOiwitiurU rmsuUpinn inol a eidaroidi and a nuinlMU of other spc<ioff. 

The tw(» cindomie sacs or hy<ir(M*iilertM*(H*is li(* a.s elongated 8a<*8 10 
citliei ^ide of tlie dige.stive tract. Ma<*h so<ii$ dis idt^s into an anterior and 
a p<Kiterior sae. The left anterior ctMdorii enlarges to an ampulla and puts 
out u water cajud to ifie surface that ojK'ns then* on the left dorsal .side 
by a liydro|K>re. It further exteiuU ]n»stenorly as a tubular oittgrowth 
lermhiathig in a bulbous enlargement. The tubular outgrowth is the 
piinuirdiiim of the stone canal and the bulbous enlunsmerit of (he rest of 


• he Water-vascular system iFig, 21 Ml, The left anterior coelom then 
divides behind the ampulla, so that there atx* then three coelomic sacs 
<01 the left ^ide. the ampulla. rorreHjHHiding to the ax«M*cH'l, the primordium 
of the water- vaseular sy.stem or hy<ln>cocl. and (he posterior coelom or 
^onintoeoi*l. On the right shle the anterior ewlomlc -sac also divides 
much later into two vesicle-*', but those remain in a rudimentary state- 
h' the older literature (he nidi men I ary right axococl is called the dorsal 
An ectodermal invagination now <x*curs on (he left side over the 
bulbous pari of the hydrwmd (hen>after railed simply hydrocoel). This 
•nvaguiution cpjickly enlarges to a -sac whose inner side becomes closely 
•applied to the hydicK'oel (Fig. 211/i). The ectcKlermal invagination 
continues until it has reached a considerable size and then cuts off from 
the cctcMlcrm as a flattened sac with a thin outer wall and a thick inner 
wall applied to the hydrocoel. Although thi.s sac is called in the literature 
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ami) i otic sac and its thin outer wall amnion, it is self-evident that we are 
here dealing with the vestibule already met with in crinoid and hole* 
thuroid development. .\s in these classes, the combined vestibular floor 
and hydrocool produce the oral side of the adult, which here is located 
on the left side of the plutcus. Meantime the right and left somatococis 
have elongated and broadened to flattened sacs applied to the digestive 
tract on either side (Fig. 

The hydrocoel enlarges and Rattens and puts out the familiar five 
lobes that represent the five radial water canals and the five primary 
podia (Figs. 208/;, 212.4). These lobes butt against the thick vestibular 
floor and cause it to prefect into the vestibular cavity as the ectodermal 
coverings of the five |)odia- The hydrocoel curves around the adjacent 
digestive tract, establishing the water ring. The left somatocoel extends 
anteriorly, encircling the hydrocool and the stomach. It pushes Its 
way l)etwceii the live lol>e8 of the hydrocoel as five alternating lobes, the 
(Init/d sacs, which repres<*nt the primordium of the lantern, and these also 
push against the thick vestibular floor and cause it to bulge into the 
veslil)ular cavity as five blunt lobes alternating with the five primary 
podia (Fig. 21 IC). The vestibular floor between the primary podia, 
that is, over the dental sacs, thickens into five eptncural ridges or folds 
that elevate and spread laterally, hence api>earing T-shaped in section^ 
finally uniting to make a secondary floor to the veHtilmle external to the 
original floor and consisting (►f two thin cct<xlcrmal layers (Fig. 212 li-D)- 
The space between these two layers fills with mesenchyme cells that later 
secrete the plates of the oral part of the test. There is also a cavity left 
between the inner opineural layer and the original vestibular floor. Thi^* 
cavity takes the form of a central space and five canals in the radial posi- 
tions. Those canals become the epineural canals external to (he radial 
nerves, and the central space becomes the epineural ring sinus. Thus the 
epineural system of canals is not of coeloraic nature, and its formation is a 
phylogenetic reminiscence of the closure of the ambulacra! grooves in the 
evolution of echinoids. The nerve ring and radial nerves arise in position 
by proliferation from the inner surface of the original (hick vestibular 
floor (Fig. 2\ZB). The dental sacs cut off from the left somatocoel, and a 
tooth begins to form in each as a thickening of the wall. Each dental aac 
puts out a tubular canal that becomes the hypo neural (“perihaemal ) 
canal found in the adult to the coelomic side of the radial nerve and thus 
shown to be of coelomic nature. Lobulations from the dental sacs work 
themselves around the parts of the hydrocoel and fuse to form a continU' 
OU8 coelomic ca\ity except centrally where the esophagus will break 
through. In this cavity (he lantern dilTercnt rates. 

The differentiation of the lantern has been described by Dovancsen 
( 1 922) and Pronant ( 1026 ) ; the account of the former, based on specimens 
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211.— Emhrj'oloity (conliBoetl)- A. |>1u(^» of soen from behind. 

'»'n* iW « oeU)mlc comparlmeiH# BMry. 18SQ>. B. cross section throgijh % plutcus 

MocBriAe. 1003), sJwwin* vestUnilsr invacination. C. section of the 
Poroccnrreiws fisiJvs with * lie vestibular invagination all 1 1 open (o/ier 
sioi ^ • «»ph8*us: 2. right axoliydroood ; 3, right somaiocoel : 4 , left axocoel; 

hydfocoel; 7. Uydroporic canal: 8, hydropore; 9, vestibular invagl- 
j 1 * II, left somatococl; 12, ciliated band; 13. muscle fil»ors: 14, primary 
• le, opening of vestibular invagination; Ifi. floor of vestibular cavity; 17, bcgutaiag 
ymegtai fold.: 1ft. dental sacs; 19. waU of stomach; 20. podiccllaria. 
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iliat were not decalcified , is here followed. The calcareous parts of the 
lantern are secreted by mesenchyme cells that invade the lantern cavity. 
Kach of the calcareous pieces of the lantern (except the teeth) comes from 
a tnradlatc calcareous spicule that develops info an ossicle in the usual 
way characteristic of the ec hi noderm skeleton, that is, by branching and 
anastomosis of the branches to form a fenestrated ossicle (Fig. 216^). 
fCach pjn amld is deri\ ed from two such ossicles, each epiphysis and rotiilr 
from a single ossicle, and each compass from two ossicles arranged end to 
end. All the ossicles except the compasses are present prior to meta- 
morphoxLs. The teeth differ in struetnre and mode of formation from all 
other parts of the echinoid skeleton. They are formed by the fusion of a 
linear series of nested rones. Kach rone begins as two calcareous 
grainilcs that increase in siae to become triangular piwes; these curve 
and fuse to form a cone (Fig. 21 l.l. P). At (heir formation the cones 
are already nested in each other and scmhi fuse. Thus the teeth lack the 
fenestrated structure characteristic of the rest of the skeleton, being 
firmer and harder. Thcahonil ends of the t<H*th remain soft throughout 
life, enclosed in the definitive dental sacs, which represent only a small 
part of the embryonic dental sacs, and as the teeth wear away through 
use at their oral ends, more suhslatu'e is hardened at the aborul ends, \n s 
mnnncr similar to the emf)ry(»iie process. 

In the advanced pin tens, the five primary podia continue to elongate 
into the veRtil)ular cavity. They actpiire terminal disks, each sup port kI 
hy an internul calcareous ring, form<Hl from a Iriradiate spicule of w'hich 
two rays curve around and meet to become a ring (Fig. 21 4C). The 
plates of the skeleton have begun to form, in an order that varies with 
different species. All skeletal plates originate in the same manner, from 
a triradiate spicule (itself starting as a granule) w'hosc rays branch and 
fuse to produce a fenestrut<*d plate with large meshes. In the vestibular 
complex, generally callcnl the echinus rudiment, terminal plates appear, 
to the outer side of the primary podia, which they later embrace. Inter* 
amhulacral plates are formed, mostly three or four in each interradius, 
iuid these soon become providetl with spines that form a circle to the 
outer side of the primary podia. Spines originate somcw'hat differently 
from the plates of the skeleton; the primary granule develops to a hexag- 
on al star (hat sends up a numl>er of vertical branrhes, and these hy 
cross unions become the spine shaft- In Arbaria those early .spine.i are 
of peculiar shape, like that of a cricket [y&i (Fig. 219^) and are later shed 
to be replaced by the adult spines. Genital plates form In the dor^l 
surface of the pluteus. not in the echinus rudiment (Figs. 21 2l"i^*)‘ 

Some genitals and some terminals arise from skeletal material at the 
inner ends of the rods of the plutcus arms; one of the genitals (genital 2) 
invariably arises from one end of the dorsal arch, and this genital embraces 
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KrilUryoloirv (♦*>nc»iig<Hj)- A. PmmmfchinHa r»lu(<>u>( W’PH ftotn the le/l 

McufnI M ^^mIiius ruilitrcnt i^/ler Burt/, lHH9j. B. of formatioD of tho opi- 

vo«il*u|* 8 : /• 8tni». foUI. Ho)«nJ, (la H and C. the roof ot the 

^Pineurul f i i 9C< tion (Urouch llie echmu** rudimenl i>howin( formalion of the 

^ '** rtwA, 19I3.> I. mouth; 2. esophagus; 3. stomach: 4- 

lo<lroi>.>r.«' “"''** 7, left axocoel:tf. definilive ampulla: 9. hycJropore: 10. 

Pninnry definitive stone canal; 12. IiydroroH; 13, five hydrococi lobes to form 

t^aHal.' la 1 *,' v i po<U:i: 15, Jloor of vestilnile; 16. cpinural folds: 1“. epi neural 

cln.uiQ of * ,Jr v”? cavity; |9. water ring ; *>0. denial sac ; 21. left somatocoel : 22. pla< e of 
lithnr la,... , »nvaginai>on: 23, roof of vestibule: 24. ertodermal i>nrt of podmm: 25, 
» 'a.'crof rM,dmin derived from h><lcoeoel. 
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the hydropore and becomes the madrcporite of the adult (Fig- 2\oB). 
Other genitals and terminals develop independently from tri radiate 
spicules. Pedicellariae, mostly three or four in number, appear on the 
dorsal surface attached to some of the genital plates (Fig. 217 E) and may 
develop prior to these plates. Their development indicates that each 
valve represents a spine. These early pedicellariae are very short, 
almost without a stalk. In the et'hinus rudiment, ambulacral plates and 
10 buccal plates put in an appearance and the lantern is in process of 
formation. A pair of definitive podia may have developed to the oral 
side of each of the primary podia. The skeletal support in the terminal 
disk of the definitive pmlia originates otherwise than does the skeletal ring 
of the disk of the primary podia; three spicules form the circle of skeletal 
pieces in the disk and six more below this produce the frame (Fig- 214/)). 

In the interior of the advanml pluleus the digestive tract remains as 
in earlier stages with widely open mouth overhung by a flap, esophogu*'* 
now musculari 2 <*d and capable of peristalsis, large stomach sac, and 
intestine curving forward to parallel the stomach and leading to the 
larval anus (blastopore) on the ventral side ou a level with the cchinn* 
rudiment. The latter (mtu pic's a large part of (he left side of the pluteus, 
pressing against the .stomach. The somatoeools retain their positions 


at the sides of the digestive tract; the left one has outgrown (he right'” 
producing the dental sacs. The two somatococls meet posteriorly, 
establishing a mesentery, which, however, eventually breaks through 
Sooner or later the two meet above and below (ho digestive tract to 
establish a mesentery. As a residt of (he development of skeleton, the 
pluteus becomes heavier and sluggish and gradually sinks to the bottom 
Some 4 to 6 weeks or more after the onset of development, depending 
on temperature, food supply, and species, the pluteus undergoes meta* 
morphosls into a young urchin. This event usually occupies only a" 
hour or less. The outer wall of the vestibule (so-called amnion) ruptuii^ 
and shrinks back, so that the primary podia and spines and any addi- 
tional podia that have developed now emerge to the exterior (Fig. 

The central part of the two epineural layers (^pificural veil of MacBridej 
also ruptures and shrinks. The covering of the larval arms is absorbed 
back into the general body surface, and the skeletal rods supporting the 
arms break off and arc discarded (Fig. *219.4). The larval mouth snd 
anus close over. The baby urchin, mostly less than 1 mm. in diameter, 
walks about by means of the primary podia. As indicated above, it 
already provided with genital and terminal plates, the first ambulacra 
and interambulacra I plates, buccal plates, a few pedicellariae, a nutav^ 
of spines, and a more or less developed bn tern. The spines may be o 
juvenile type, discarded later, or partly of juvenile and partly of adu 
type. In Arhacia. all the spines at metamorphosis are of ju^'enib typ^. 





-j'n'Wyolog.v (wnUnuoh. A. section through the echinus rudiment ol 
;««•<<. showing cpmeural foJds rloslne* B. serlion through the echinus rudiment 
ral rol tin closed. {A. B. Qjttr ma VU\»ch .1913.) C. j.l g t eu*< o f Pta m m rcA inu t 
ve»iihuJ®r roof onrt epineural ve*l Itave rut>tured (o/ler 
mlf R* J. surface ectoderm; 2, roof of wstllmle; 3. ^-e»lihula^ cavjly ; 4. floor of 

cttni.r. ^Z’***’"* I»fjmary podium: 7. left aometocoel; «. dental savs; 9. radUl 

Ural t. 'i I. r. ® Blornach: 11. nerve ring: 12, radial nerve: 13. outer epithelium of 
2 h of/iftf epithelium of epineural fold: 15, water ring; 16 , place of break- 

»rdia of ‘”***'*^ pharynx ; 17, beginning of slomodaeum: 18. prlmordlum of tooth; 19, 
•'>3 20, epineural canal: 21 . ma»^s of meaenrhvme roUa; 22, definitive 

atomodaeum: 2.5. et»auleltea; 26. remains of plufcel arms; 27, esopha- 
mlosimc: 20 , stomach. 
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the so-called spatulate or bat-shaped spines that form a circle around the 
ambitus (Fig. 2195). In other urchins there may be juvenile three- and 
four-pronged spines on the aboral surface, which are later shed (Fig. 
2i.')5), Exhaustive accounts of the development of the spines and 
skeletal plates in regular urchins have been published by von Ubisch 
(1913a) and (lordon 1926a. 10291 for several different species. The 
newly metamorphosed urchin retains the larval digestive tract but lach 
mouth, amis, and periprocl. It will l>e perceived that the oral surface of 
the young urchin comes from the left side of the pluteus by way of the 
echinus rudiment, while the aboral surface is the right side of the larva. 
However, the proportions of the two sides of the pluteus contributing to 
the urchin vary in difTerenl species. 

Following metamorphiwis, development continues. The definitive 
podia, of which five pairs may be present at metamorphosis, arise in pairs 
to the oral side of the primary podia which are forced more and more 
a bo rally and eventually degenerate to mere bumps. The terminal 
plates have meantime grown around them so that they emerge through a 
pore in the latter. .More arul more ambulacra I and Intcrambulacral 
plates form, to the aboral side of those already present, between the 
latter and the apical system, so that the corona gets more and more 
extensive, while the apical system of plates, which at metumorphoxis 
covers the entire aboral surfare. comes to cover a smaller and smaller area 
of surface. The ambulacral plates are laid down to the alioral side of Ihc 
developing debnitive podia In such a way as to leave a si agio pore for 
each podium; but later this pore becomes divided into two pores by 
calcareous growth. A single clirular plate app^-ars in the small spurr 
at tlic apical pole In'lween the genitals and increases in size for a time, 
establishing the iwriproct (Fig. 2J8). It then decreases by resorption 
and small plates ap|K*ar in the spaces thus provide<l: but in .trfwriVi the 
four periproct plates form as such. The peristome expands in port by 
resorption of skeletal material around its edge. It appears that primi- 
tively each interambulacrum fermiiintes at the peristome by a singh’ 
plate, but this is usually r(*sorl>od later. 

The digestive tract undergoes great changes, beginning with 
absorption of the esophagus. The center of the original vestibular floer 
sinks inward to form a new mouth and a stomo<laeum that unites with n 
slight process put out by (he stomach to Ijccomc the definitive pharynx. 
The stomach elongates and becomes the first cinniit of the intestine; d 
further constricts off the siphon along its inner side. The larval intestine 
which has long curved back along the stomach elongates in the sam*' 
direction to become the second circuit of the intestine or large intestine 
that eventually grows along the mesentery to reach the center of th<^ 
aboral surface, then establishing an anus (Fig. 2^7 A-D)^ >fosf secounts 
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'• Hire of •,« ♦ s * T ^ ^ ^*'**'* ^ •w • » - 4 , si age ml li« <ksv(*l<.pi wn t o t a tool h . Jt,\ ul or 
of tin* r ' f*/!*' f>»runrA^H, H* 22 .y C. fiv^ in the* fonnuliou of the on<J 

IhkIiu. D, fowr '•lusn m cli« <]eveIt>|M«i«n( of «Ue end <iink of a definitive 
3, eonon fr.p»nA.i a^' I. granule singe of roue: 2. Irjaiigulnr slag© of eono: 

trirudialf. 7’"^* *‘^'*^* ^nd of loolJi; 3, nboral fonnative end of tooth; 

ifuiiKio, >**''^***^* '• "P“-*«le UMto«| into ring; 8, foriiiation of ^en(^^l^ut«d plate; 9, tlifee 

1o form , 0 ^ forrmng. 
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state that the anus breaks through rather late, but Gordon (1926a) dis- 
covered that it is probably present soon after metamorphosis, concealed 
under tlie central plate of the periproet. The alterations in the digestive 
tract involve much degeneration and phagocytosis, by amoebocytes of 
the original epithelium, that formed the larval digestive tract, and regen • 
era t ion from remaining eelb. In the change of orientation at metamor* 
phnxis, the formerly vertical mesentery supporting the digestive tract 
fakes (»n a horizontal orientation and is much altered and broken up 
later, remaining as the slrand.s attaching the festoons of the definitive 
intestine to the test. The left somatococl becomes the oral part of the 
definitive coelom, the right somatocoel the aboral part, 

The gonads develop from the genital stolon, a strand of cells budded off 
from the left somalocoel, although it is not clear whether the actusl 
primordial germ cells in the strand have this origin. The strand accom- 
panied by a eoelomir evaginalion of the left somatocoel that soon sepa- 
rates from the latter approaches the aboral surface in the interradius that 
coutnins the madrcporlte, Genital stolon and accompanying genital 
coelom then curve arouud l)enoA(h (he genital plates and each forms a 
ring. From this genital ring the five gonads are budded off into the 
Interambulaera and the stolon then disap, M'ars. 

The origin of the main parts of the water* vascular system was already 
given. The stone canal, early formed as a sort of stem for the left 
hydroco<*l, fuses with the hydroporie canal leading to (he hydroporc and 
derived from the left nx(M'0<'l: the eomhined canal so formed hccomes the 
definitive stone canal. The ampulla derived from (he left axococi (Fig 
211.1) romnins as the ampulla Ijcneath the madreporie plate into which 
the adult stone canal opens. The original hydrx)porc pcj^sists as one of 
the pores of the madjvporile, and additional pore.s derive hy subdivision 
of the original hydroporc and hydroporie canal. 

The axial .sinus or eoelomic space (hat surrounds the axial gland in 
other echincKlerms b wanting in echinoids. The axial gland develop?' 
in (he wall of a vesicle calle<l by Mac Ibid e (HMB; the madreporie vesicle 
and by von Ubiseh (1 9 13b) (he? dorsal ,sac. MacBride thought this 
vesicle to be the right hydroeoel, but undoubtedly it is (he right axococl. 
The lumen of the axial gland is therefore the remains of the cavity of (hr 
right axococl and so is the eoelomic cavity into which the aboral end of 
the gland extends. 

Muscle fibers, connective tissue, and coelom oeytes apparently origi' 
nate from the secondary mesenchyme and further from mesenchyme 
constantly given off during development from the walls of spaces of 
eoelomic nature. The haemal system seems to arise simph' as spaces 
in the mesenchyme. 

It has been illuminafingly pointed out by von Ubiseh (] 91 3b) that in 
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i ormalion cf twt. A. ju«i iifler meU morph osis. aborftl 

n«. lal^r. aboral view. (A. B. a/ler OWo. lOW.) 1. Dnmiiry poiJium; 
r«.^’ . iuvenilo »i>ine«: 4, defiiiiiivi? 5, roiuains of i»o»lcro* 

• mama of poatoral rod: 7, reinaiias of •ntctolalcral rotj; 8. rotoain^ of )*r«»ral 
1 plate 1; U. genii ul ptal« 2; li. genital plale 3; 13. gcnitaj 

» ijjl* 5; 15. reinaina of posterior transverse rod; 16, hv<lroi>ore: 17, 
»' I®, terminal III; 20. terminal IV: 21, terminal V: 22 

Piato. Plato numbera after Lorrf-n> svsiem 











Klu. 2]l>.- Fonustiun of <conCinuofiJ. A D. vuur Klngp^ iti (l;o tormnlioii uf 
platQ 2 froth the <ior<«o] arch (ti/lcr OnoJo. 1931). young Mta/iilia oral view o) 

f^umo spec'hueti u% FI*. 2I5H <«/rpr OWu. 193fl>, I, dor«ai arch: 2. h>drojmrc: 3. fou^ 
tKiIntod juvonilc ephies; 4, dofioKIve 6pin*.«; 5. -phartKlium: fi, aiiihularrul plate: PfJ' 
hiordial mterauibubcr:il pinte: 8. for 1*u<i*nl po<li:i: 0. tooth: lf>» pyratiiide: 

rotulc: 12 , epiphyses. 


the nc'tviy raolamorphused iirrhin the skeletal plates have a bilalc*'®* 
aiTaiigement (FIr, 218i that asirwa neither with the Lovt^n nor tho 
Carpeater scheme of orientation. This axis passes through Lovea^ 
ambulacrum II or Carpenter’s C and through Loven’s interambulacnin^ 
o or Carpenter’s AB. Von Ubisch's diagram (Fig- 219(7) further shoW.> 
that the arrangement of large and small ambulacral plates aroniKl 
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peristome is more symmetrical witb respect to liis axis than with respect 
to L oven's axis. In both the von Vbisch and Lovdn schemes the madre- 
poric plate is to one side of the bilateral axis. \s*hereas in the Carpenter 
.scheme it is symmetrical with reganl to the bilateral axis. It appears 
acceptable to regard the von bilateral axis as representing the 

original axis of symmetry and the a >ym metrical position (»f flic madre- 
poiic plate as explicable on the uiidoMbtefily corn^rt assumption that 
there were originally tuo madn*porir pbte.s. symmetrically paired, of 
which the present one is the -Mirvlving left plate. This original axis of 
symmetry represent.** a tor.'*iun of iHI ilegrees from the plane of .'«ymmefry 
of the pkiteus. Thi> tursioii is <»l>\iou>lv due to the suppression of tlic 
right .side during echin<Mlerm development, so that the left side of the 
plu1e\is becomes the oral surface i»f tlie adult. 

The chief articles on the develojnm'iit of irregular echiruiids are lijose 
of TliM flHP2) on the sand <i<illnr Erhiftot'ifiimux ftii utility and of Mnc» 
(bide (lOl i, 11)18) on the heart uix-hiii Ev/iiiimutnliinii ronlatum: CfOVikni 
has uIho deserilx^ the develo]>iiieiil i»f (he .skeleton of /Crhinocuriliiim 
I'oritatiim (lP2(lh) and of (fu* sand didlar Erhiiiararhiii^/.'i fMinua (11)211). 
Tp to mclamorphosiA the developiuenl of irngnlur eehinnids is ideiiticnl 
111 all essential points with that of regular urchins. In Erltiuocanlium 
the primary (UKlia are rudimentary from the fieginriing and there m no 
I race of a lantern, In .sand <hill:irs, tin* primary jnsliaare well developed, 
and I he lantern arises as in nguhir ureliiiis eveepi that <‘onif)asseH are 
entirely ivanting. The p«'ripr*s*1 iu newly meiamorpihosi'd irregular 
i*ehinoi(|s Is centrally liHuiled Insule die apical syst(*m of plates. All fhe 
• Imngox in shape and the rnigraliotiv of the jjeriproet and p<'rixlume in 
irregular eehinoids wcur after nieiamorphosis by pr<MTs.M‘K of differenliul 
giowdi. 

Ill <*ehiiioids that bimnl their ymnig uiid appaixmlly also in a nurnher 
of other speeies, as judgi*<l by their large and y«»lky eggs, development Is 
<liree(,’’ that is, a free larval stage is more or less omitted, and meta- 
morpho.ri.> may cwcur after 2 or 3 clays of dc*vc*lopment. The hest- 
(lescnhetl rase is that of the echinometrici /Irlioriiffirh iri/ihroi/ram/na 
f-Mortenseu, 11)21 1 with an oval, uniformly ciliatcHl larva, devoid of a 
hydiupore and a larval skeleton, The vc'stlbule never closes, and there- 
foie dio primary podia and spiiK*s soon protrude through the opening 
imd widen it, thus aeeomplishing mc*tamorplio.ris. Several strange pocu- 
liaritirs of devedopmemt are as< rilM*<l by Morteiistm (11)21) to the sand 
dollar /VroaeWa lesururi. in which (he larva diK“s no( get hey cm d the two- 
Hr auHl s t age . 'f }». (a p val n\t lU t f i a i id esopliagi is a re sa id 1 o h a ve no c on iiec- 
bon with the stomueh, so (lia( the larva cun not fecnl, and lo serve as 
'c'Mihule so diat tfie young uitdiiri emerges through the mouth. It is 
pr<*sumahle that brcMKling sp<*cies omit (he pluleus stage and proceed 
directly to metamorpfuv^is. but no informa(i<m is avnilable. 




Fi(j. ^ 1 7. ~ -Km bryology* (<« 0 (iuu«di. A^D four »Cagc» in the pn»(meta>norph>^ 
transformation of the dige.oti^o Crsn («/trr \tttrBrid*. I903i. E. globulut. aboral 

view, 20 days after metamorphosis, ehowinx further development of iJie test On^' 

103C}« 1. larval intestine: 2. stomaeh; 3, definitive mouth and stomodaeum: 4, pasit)^^ 

of Ur>'al mouth; 3. position of larval anus: G. definitive anus: 7, definitive intestine; h, 
juvenile spines; 9, definitive spines; 10, pedicelJariae: 11. sphseridium; 12. genital 
13, genital 2: 14. genital 3; IS, genital 4: 1C, genital S: 17. terminal plate I: 1^, tcrmjnal U, 
W, terminal 111; 20. terminal iV: 21. terminal V: 22. interambulaeral plate; 23. r<*ma>oa ol 
postcrinr trans%*erse rod. Plate numbers after Lovto's system. 


ECHIXOIDEA: PEDflTIVE FOSSILS 


507 


17. Regeneration. — All the external appendages — spines, pedicel- 
lariae, and podia^ readily regenerate, and damage to the test is repaired, 
but apparently sphacridia are not replaced (Dolage, 1003). Spines 
broken off complete themselves (Rorig. UI33 k a calcareous mesh covers 
the broken surface, ami then the spine l>egins to elongate as in normal 
growth. The rcgenorati*<l part is much more slender for a time than the 
original stump, but gradually the size difference is eliminated. Upon 
removal of an entire spine a new one ari.M'.s on the sanje tubercle, and the 
tubercle by resorption reduces in size to fit tin* newly forming spine, which 
is much more slender than the defiidlive .<pine tHorig. ni3.3i. Prol)ably 
if a spine breaks off too near the tuf>erc]e, the stump xvill be shed and an 
entire new spine fornusl I Krizeiiei'ky, UMOn Tiider unfavorable eondi- 
lions urchins may sKerl mast or all of thc»ir s]»ines and regenerate a new 
set ((’Iiadwick. 1920; Ifob.son, ItWfb. which an* more slender for a time 
than usijul in the spc<*ie». Such fine-.splncil individuals have licen 
collcricd in nature by students of erhinoids. Swan foinjd that 

rcgcneratctl spines may differ from noiiregenerati‘<l ones In microscopl<* 
di'tails, espei*ially the number (d wedge.'s in the crt»s.s sec I ion. Damages 
lo (he test are temporarily repainsl by the tilling of tlje wound with 
'•‘s'lomorytes, after which i'alearerajs depi>sjlit»n .sets in (('in'iiol, IdOb). 
Kindral ( 1 1)24 1 cutout piecc.s of the test 1 i rn. M|uareatid fiajiid tliat the 
opiuiiiig was gradnully e|o.s«*<l fjy a rncmhrane. growing from the cut 
inargiti.s and covering the hole in alaap 2 w<*ek.v 'I'liis membra ne, 
<lcliente at first fnjt firmer later, was baitid to consi.st of a syncytium 
composed of phagoeylie coclomocytes lo which were aclde<l derm id cells 
from the adjacent body wall. The space.^ of the mesh were occupied by 
large numbers of amo<*bo<'ytes with spherules, po.ssibIy carrying Jiutrition. 
During the third and fourth wwks following the operation, calcareous 
material was laid d<nvn in several centers In the membrane, without 
relation to the old calcareous material. According to the experiments of 
Dkuda (1926), removed plates of the test are replaced by irregularly 
arranged plates or a number c»f small plaice so (hat the normal plate 
pattern is not rcprodncwl. (’rozier fHUO^ has noted that when the 
lutmics of .UcUita ore broken open by loss of the test margins (probably 
bitten off by fishes), they are elow<l again by concrescence of the gi'ou'ing 
rdgos of tlie test. 

IS, Extirjct Echinoids of Uncertain Position. -Before beginning the 
systematic account, it ap|M*ar.s desirable lo dispose of certain fossils of 
<‘rugmatic (>osition. liolhriocifhrig. of which about a dozen specimens 
are known, comes from Ordovician strata in the Baltic region. The 
^mall globular test, reaching a maximum diameter of 18 mm., is composed 
plates inflexibly united in meridional rows (Fig. 220.1). 

e ambulacra consist of two rows of alternating plates, each provided 




I ig, 21S. Kmbryo1oc.v (ron(mur<li. formation of Ifsl, FMmtnfchinitt 
shortly after nietotnorphosis {tt/frr G^d'*n. J95f6K Note Iwlaleral symmetry of 
system, with rorcrenee to von Tbiseli's primordial axis. 1. definitive sfjine^; J. juvenile 
spines 1 3. pedieellnriftu; -I. ftenitnl plate 1:5. cenltal 2: 6. cenital 3. r. genital 4; eenita* 8: 
9, ternimai I; 10. lerniinnl 11: 11. terminal III: 13. terminal H’: 13. terntinol 34. hydro* 
pore; 18. beginning of control plate of periproct. Hale nuiuliecs oftcr Lovim's o>0teni. 


with two perforafed spine tiil>crclf*» and pierewl by a pore pair from wliich 
extended what seems to Ik* a podium, well preserved in one spec' i men 
(Morten.«en, I?i30>. The test differs, however from that of all other 
echinoids in that the Intcrambnlacja eojisist of but a single row of 
lacking spine tubercles. The periproct was covered by several ?*niall 
plates and encircled by the terminals, one of w hich is a macireporitc, 
hence in a radial position (Fig. 2205). In no other echinodeim docs the 
madrt'porifc occupy a radial position. There appear to have been no 


I 
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genital plates, and gonoporos have not been found; there are, further, 
no terminal pores in the terminal plates. The interambulacra do not 
reach the peristome, and the ambulacra terminate at the peristome by a 
single plate ench, devoid of a pore pair. These five am hula era I plates 
alternate at the peristome edge with tive other small plate.s, of uncertain 
nature, possibly continuations of the interumbulaeral rows after an 
interruption. Whether a lantern was |ux*.N<*ri( has not been definitely 
ascertained. 


The systematic pt^sition of Hvthriifcithrifi has been the subject of 
argument between li’u<ling eeliliioid AjHTialUls. .larksun (1012, in29j 
maliitain.s that HvlhriociJaria i.s the most primitive known ecfiinoid and 
uijccstral to the entire class. Tfiis po-sition was rather geri<*rally accepted 
until it was attacked f)y \’akc»vlev and Morlens<ui (lb2H, 1<».31, 

Monogr, H, V». Mortensen linully readnnl the coiiclusion that ho(hrio‘ 
tularin is not an ecfdnoid at all but a cyst id. TliU f Motion was success- 
fully refuted by Hawkins lltrHi and Haiher ( MKH j. They have 

pointed out that UothriocUUtriH cniuint I le a cyst id as It la<*k.s fiiofi grooves 
and hruchiedes. In its po.<seN.sion of spine'., iuf)ercle.s, and ambulacra! 
plates pler( ed by por<* pairs. HothrioritlurtK a(>()eais di.sllrictiy echinoid, 
lU several pe<*nliurities ra<iial position o( (In* inadrefioriii*. lack of 
genital plates and gonopf»res. single row tif iiiteranibnlacral plates 
throw grave <i<)ul>ls <in Jackson’s Isdief that it is ih ance.strul ecliinoid- 
Mortensen lias pointed mit that ecjiinlly old fossil ei hinoid.s of mc>r<» 
typical structure are now known. Om* may conclude dial Uothriot uluru 
a hlin<] olT.sliout of very early rsdniiold sttwk and .shoukl be jdaced by 
Jtscif 111 n separate order or even snlM'hiss of lOchl noidea. 

hotUnrin tMacBride and Speneer llWHi bears a elow resemblance to 
h'phijM'cntroids such as .Xultrhinux and KHim chiHUa (see l)elowj and 
'•<»mcs f r< jm r li (* sa me ge< il og leal ei a . 'Vhi • ( I'sl i s nn c w f i a t e I o n ga led wi t h 
t'to rows of ambulacral plates, wide intcrambulacral aivas <'Oinpose(i of 
Irregularly arranged plates (Mg. 220/^, A*J, and a perl p roe t of 
^i»y Hinull plates withtait any dehnite apieal system except for the 
madreporite, iuterrudlally plae^sl. There were ambulacral grooves, open 
t'» the exterior, cIomxI to the interior. fJoifturia has two peculiarities 
‘(it difrereiitiate it from nTognuwl groups of echinoids. ICach ambu* 
(iiral plate is pierced with many jwres (Kig. TZOC') for the passage of the 
Pj* ‘a, uud a lypical lantern is wanting, lK*ing represorittsl by 10 thin 
pa es united in paii«s and possibly interpret able as teeth (Fig. 220/.>). 

I ‘^%iual dc.scribers regarded Aof/jMi*w as a holothuroid Intermtdiate 
holothuroids and echinoid-s, bul it is difficult to conceive of a 
so'm ^ complete theca of plat <*8. Eothurin would seem to be 

^ soit of echinoid not assignable to any of the recognized orders, 
leap Regularia and Order Lepidocentroida. -\s already 

. the cchinouU are divisible into two subclasses, the regular or 
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cndocyclic forms and Ihe irregular or exoc 3 ’clic ones. In the former the 
test generally has a rounded profile and is pentamerously symmetrical 
with regularly alternating ambulacra and interambulacra, the peristome 
and periproct occupy central posittous at the oral and aboral poles, 
resiiecfively, and the periproct is encircled by the apical system of 
plates. The regular urchins begin with the order Lepidocentroida, which 
includes the most primitive known true eohinoids (extinct), probabl)' 
ancestral to all other eehinoids or at least tj'pif^'ing the charaeteis of an 
ancestral form. The order includes two families, the bepidocentridae, 
entirely extinct, and the Kchinothuriidae. The outstanding features of 
this order are the flexibility of (he teat. rc.suUing from (he imbrication of 
the plates, and the eontlnuation of the ambulacra) plates on the peristome 
to the edge of the mouth, a condition recalling the complete th<‘ca of 
IVlmatozoa. In the Lepidoeentridae the number of rows in eacli 
ambulacrum varies from *> to 20, and the interambulacra consist of 3 to 
over iO rows; in the m<»st primitive forms the plates are irregularly 
arrangerl, not disposcil in rows. The primordial interambulocral plate 
(noted above as present in the newly metamorphosed urchin but usually 
disappearing later) persists although the interambulacra may be excluded 
from the poristome. The ambulacra are deeply grooved centrally 
(Fig. 221^), a condition recalling the food grooves of Pelmaloxoa. ftnd 
the radial water canals are iml>edded in the test, being excluded from 
contact with the coelom by inner projecting ridges from the ambulacra 
(Fig. 221/)), A well-developed lantern has been found in many cases. 


Small, slender spines were present, but pedieHlariae have been discovered 
to only a limited extent. The apical system of plates appears to have 
been imperfect, not yet having reached (he typical cchinoid condition, 
or perhaps has failed to preserve as well as the l est of the test. Over 20 
genera (listed with characters in Piveteau's treatise, 1053) of the Lepido- 
centridae have boetj described, of which two or three are of especial 
interest. AuUckinui from (he Tpper Ordovician of Scotland (^/acB^idc 
and Spencer, 1938) probably depicts for us the general appearance of 
ancestral echinoid. The five ambulacra, of two rows of plates each, run 
symmetrically over the small, flexible, globular test, and between them 
the wide interambulacra consist of a number of irregularly arranged 
plates (Fig. 221.4). The periproct Is composed of a considerable number 
of small plates, some of which form a sort of anal pyramid for the slightly 
exccnti'ic anus. The apical system is not differentiated; the five eno 
plates of the ambulacra represent the terminals, although not differ- 
entiated as such ; there arc no genitals except the madreporite found in the 
typical interradial position (Fig. 221.4), The center of each am bu la crura 
is grooved- On the peristome each amhulacral plate bears two podia 
pores but only one pore on the test, located near the groo^'e, from whic 
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iOxIa <'*o»H*luded). A. Arhtcia }»«Ar/Wv<i In procu»« of muluino' 

! ' "• t^’inefuttati. sliortiy iflcr iii«lai<»or|»l>u»i><. oral vlcm-. {A. B. aflcr 

ViUi* C, achoinv of .syinnteUy of >ount urfUiri (after eon Viitch. 

ihe/ ^ *' rcftiaiti^ of j>lulonl arm*; 2, oral I 0 I 19 of 3. primary jKxJIa: 4. juveiillo 

"• b«c«-al podia: 8, defiiiilivo iHaJiu; », Loven's axis: lU. 
II. von L*Ihm U> priirior«lia| axis; 12. bucial plaua: 13. edge of poriatomo: 
■ ^ •'“* •*'**^1 ambuJacrul pla(a$ at pcriatuino cdB«> 





512 


Pii YLi \\f h'cn/.\or)En.\f.i ta 


It i« imjHTfoc'tly clast ‘d off (Fig. 221 /i). 'rhc radial water caimli of 
AuMiifuin run along the bottoms of the ambulacra! grooves and arcoul 
off from the coelom by inward projections of the ambulacra that meet 
medially (Fig. 22 ID). Writers on .4 consider that this condition 

re prose fits a stage in the alteration of the radial water canals from the 
external condition found in most echinodorms to the internal condition 
pe<*nliar to the echinoids. Disappearance of the interna) projections of 
the nmbulacral plates as found in Aulcchinus would leave the radial 
water canals free on the inner surface the tost, as in present echinoids 
(Fig. 22U’- A’J- 

8omc other I.cpidocentridao of interest are the genera Bctinrchvius. 
M f/riofiliches, and pQiaeo<ftscus. Krfimrhinus (MacBride and Spencer, 
1058) was elongntiil along von (*bisch's primordial plane with anterior 
ircristome and posterior penpro<*t (Fig. 222.1) but was otherwise very 
.similar to Auicchviinf with two rows of ambulacral plates, numeioux 
ii i'(*gutar interambnlacTul plates. poripnK't of numerous plates, no definite 
apical sy.stcm except the madreporile, and radial wafer canals shut off 
from the coelom by inward projections of the ambulacra! plates, b 
came from the* same .stratum as .4 .Uyrws/icAcs from the 
Middle Ordovician of Fngland (Sol las. 181)1)) was similarly <(>ns true led 
with two rows of ambulacra I plates, p<»rc pairs hc^uren these plate.^, not 
through them, very numerous small intemmlnilacjal plates in more than* 
10 rows, and ambulacral groove.s. In Palatw/iscus (Hawkins and 1 1 Amp- 
ton, 11)27), al.so from the same strata as the foregoing, with two rows ol 
a ml mineral plati*^ pier(*ed by pore pairs and eight columns of infei" 
nmltulacral plates at the ambitus, the internal projections of theamhU’ 
lacral plates that in the prereding genera cut off the radial water consl* 
from the coelom are in prore.ss of disappearanee. 

The Kchinothurllcluo are a family of mostly deep-sea erhinoids of 
rather large size with a flexible leathery test of which the plates either 
overlap or are s<*parat«*d by strips of leathery body wall (Fig. 222/fi« 
Arnbnlacra and interambulacra con.sist of two plate rows each. The 
ambnla<'ral plates arc of a characteristic type, considered a variant of fhe 
diadem at Old type, compounded of a laige primary plate flanked on cadi 
side by a demiplate (Fig- 223 C); the demiplatea may undergo con- 
siderable displacement during ontogeny. The primordial inferamhu- 
lacral plate at the peristome «lgc persists throughout life, and the 
ambulacral plates continue in the perist(»rne to the mouth edge 
222 /i). The perlproct of numerous small plates is usually encircled by a 
typical apical system, .sometimes breaking up Into many small plates in 
later life- The gonopores are mounted on papillae. I'he hollow spine-® 
(Fig. 180^) are borne on perforate tubercles and on the oral side ma.N 
have hoof ends (Fig. I79J> or may be covered wMh a glandular hag 
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Via, 221.- Kxtiiivt Kr>iim>iil«u (rontinurd). .4. AHle<hfnut~ B. sin a II |>srt c 
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poro«; 0. antlmlorral plato: 7. ai»|>uila of ia»<liuin: 'v. canals rUrogsIt ambularn 
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(Fig 170^, K); spines tipped with poison bags (Fig. 17D<?) very toxic to 
man are common in this family. The family is richly pro\'jded with 
pcdicellariac, including the special dart y bus type (Fig. 183^4, B). Fea- 
tures of the internal anatomy are the meridional muscle sheets (Fig. 1007) 
and the large sausage-.^hapi'^l Stewart's <»rcaiis ; Fig, ). This family 
has been especially treatc^d iiy tin* Sa rasing and Schurig (lOOCj. 

Representative cchiiiotlniriid genera arc Pfiormosoma, with ^'ery 
deep art'ole.'j to the oral .spine tubcrelc.*?; Trofni^'o.soin<i ( « Bc/ttno,soffifi), 
with no or rudimcnitary gills; .U<i*o,inMrn, with dnrtylous pcdierllariao; 
.'UtJif'fmofNa. with thick nhoral p.)l>nn bag^ ^Fig, 171W'/); ('a/fcno6oma 
(Fig. 222^), without poi.son Imgs or daelylous iR'cliceliariac; atid .S’/zrry- 
with eight rows *)f amliulacral plan's orally, eansed by displacement 
of poriferous and sc pu rut ion of jiorif»r»rlfc*riMis areas. 

20. Order Melonechinoida. This ^Uitdly extinct order from the 
lower (‘arhoniferuus comprises a sijjgle fmiirly, the f^llaecH•hini<]fte, with 

liigfi, mostly spherical, rigid lest. Williiii the latnily the ambulacra 
evolve by djs|duccnieiit of the original two rows of primary jdates into 
eniiditjon of many small plates fFig. 223,1 >. 'I'here are four, six, t>r 
more (up lo ih runs r»f iiitcranibulaei:il p>late.s. .\s \i) the prccctling 
Older, (he amhulacra ccmiinue tt» the monih, (lills were wanting. 

21. Order Cidaroidca. This is u very distlticiivcly charaetenmi 

Ki'oiip. The hanl, rigid, and iM'aiitifMlIy symmetrieal lest, of .small to 
nio<lcnile size, is of globular .shaiw, somewhat ilattencd at the poles. 
Ihe intact ciclarokl (Fig. I73fb j« at once fiy the ioi'gc, 

"idcly separnt<'d, jHimary spine.s, contra.' ting inark^sily with the numcr- 
ous small, secondary spines, some of whieh. the scrobicular spines, form 
M)rot('t'ljiig rdrcle around the baw of eueh twimary spine (Fig. 170/fi. 
■‘•'(mnlnatjon of (he deal as) t<*sl .shows that lljese primary sj)jiic.s are 
korne on tin* intcrarnbulucra only, one to eaeh intcramiuilacral plate 

18(1.1, l{). Fa<*h of the latter therefore cu rries a large, eon.spicuous 
Jiihercle, with a p<*rforate mamelon, crctuilations anmiid (lie mameloii 
’^sc, and wide ureolc, encircled hy the small tu)H*rcles fr>r the s<'robicular 
Monies (I*ig. Xhe ambiilacral plate.s are all rd the simple, primary 

each with a pore pair and with numerous small tul>cix*lcs (Fig. 

Both ambulacra and Interambulaera eonllnue on the peri.stome 
mouth edge (Fig. 173;;). The apieal system has the lypk^al 
< oust ruction, and the jMTipnM't is prcn-ldcxl with small plate.s; studies of 
young cidaroids have shown that (he.se plates are not pre< eded by one 
plnli* fMorieiisen, 1027^ as is oftcji (he ease in other regular 

UMoids, If,,, primary* spines difTor frcun (hos«‘ of other erhinoid.s in 
"ilh a cortical layer (Fig. 180.1), often coverx*d with 
> hail's to uhleh fortdgn jKir tides and organisms adhere. Cidaroids 
>ut two kinds of pedieollariae, the (ridentate and globifcrous types, 
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Klu. 222.— Ext I Pi. t l'.< l()noid«.*a <,rv<i<*lg/}«d^ ICi’liitiuthutiKiMi'. .'1. ' 

MacBrtdf and S/ttneer, IHUSi. B, |»ri«io(ite ni ^'cUinothuriKl Caftrri’Ag/ima frutf'i*- 
i’alftnaioma hi/gfnx, oral view*. (B, C. afUf Thomson. IS7k.» 2 . »n)l>ula< runt: 2 . i 
urnbuincruni: 3, teeth of lantern; 4, ambulncral plaie*>: ihleraitibglAcrnl 
T, podia: premordsal internti>Kula<Tal (ilate: i»rri«ioui<>. 
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and the latter differ from the globiferous pcdicellariac of other echinoids 
in that the poison glands are lodged in cavities in the skeletal valves 
(Fig, \S\G, M), The porignathio girdle Is distinctive in that the main 
projections for attachment of lantern muscles (apophyses) are interradial 
in position (Fig. lOOfif. (nils and sphaeridia are wanting. A dis- 
tinctive feature of the internal anatomy is the presence of five bushy 
Stewart's organs ap pc* i idl'd to the lantern (Fig. 190^). 

All the existing genera are InelndcKJ in the one family (’iduridae, with 
the characters of the order t)f the considerable miml>er of extinct and 
living genera, only some of the mon* common of the latter are menlloned 
here. /lUtociflaris is distinguished by (he* absence of giobiferous pedi- 
cellariae. On the other hand, tridenlatc ]H‘dice(lariae are wanting in 
lporom/<in>, ClenocidariH, and .Vo/wr;V/#in>. and the giobiferous pedi- 
ccllariae of these genera lack an end tcHMh. having a large* subterminul 
pore to each valve horde* red by serrations. In .Vofec/dom the primary 
« pines arc often more or le*ss llattenied. and this churactew Is notably 
prc.sciit in the recently elis<*overe*d antarctie* species X. mnujrrn, which 
has wide paddle-like primary spines (Fig. 22^1), -Morteusem. 1SI50;, 
rheso genera include brooding antarctic spe*cics. (touioniJarin, one uf 
the largest genera of the family, with about 15 sjM*('ie,s. is churucteri/jed 
by the terminal disks on the ends of some of the* uboral spines (Fig. 
1790), In SUreoridnri/t (he most aboral primary (ubercles are null* 
TTicntury, The following genera pr>sse‘Ks trident ale pe*dice*llariae* uiul 
large and small tyiies of globiferous peel i cel lari a e. In f'ularifi the large* 
gloiijferous i)e(lieellanae an* provided with an end tooth, whereas in 
Eundaritt, and Prioncif/ariH this Is wanting, and instead 
there is a large sub terminal pon* bordcTed by small teeth. Phi/lhcanthun 
IK distinguished by the semicircMilar .shape of the scrobicular tubercles. 

The family (’idaridae inedueies a numlier of fossil genera, and lh(*ro is 
further an entirely extinct ridaroid family, (he .Vrch«<‘<M'idaridae, with 
two genera. These had a flexible test with imbricating plates and four 
to many rows of intcrambulacTal plates, but plainly .show the typical 
Isrge primary tubercles characteristic! of the oixler. 

It shtaiUI ho mentioned (hat then* are a number of generic names 
among echinoids (nearly 35) ending in cirfam that do not belong to the 
f'iclarojdoa. 


22. Order AuloeJonta.- This order l>egin8 the sy.stematics of the 
inovo typical regular urchins. The coronal plates do not continue onto 
tie peristome where plates of the ambulacra I .system arc represented only 
y the ID buccal plates, supporling (he buccal podia. The ambulacra! 
Plates of the corona are generally compound, of the cliadc'matoid type 
IK* 19L-1). Ciills and broad gill cuts are present. The .spine tubercles 
''ire perforate: the spines lack a cortex and are solid or provided with a 
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narrow lumen. Globiferous pcdiccltaria are frequently wanting, but 
the other three types are abundantly represented. When present the 
globiferous pedieellariae lack the large terminal teeth or fangs character- 
istic of the globiferous pedieellariae of many cidaroicl genera, Sphaeridia 
occur along the whole length of the amlnjlaora. The name of the order 
derives from details of the lantern. The epiphyses are smalf and do not 
meet above the tooth, leaving a large open space in each pyramid, and 
the teeth lack keels. Small auricles, more or less .separated, are present 


on the perignathie girdle. 

The order inelu<lc*s four famllu*s. of wludi one is ehietly eMiTict. The 
Aspidodiadematidae are characterized by the \ery long, slender, dowji- 
wardly curved primary spines who>e tips, widemnl jj) the case of those 
of the oral side, touch the gronn<l tFig. The test is high and 

Ronernlly delicate and fragile. The .spines arc* stdid hut fxnnjiiarly con- 
structed. having numerous tmn.sver.se iwriitions c<iiiuected liy verlieul 
strands. Kach plate of ijje corona hears otie large jnimnry tubercle. 
The terminal plates of the apical system arc all insert, so that this .system 
forms u c(»nliimon.s ring anuind llic* |«TipnK*t tiloblferous podicellariue 
arc wanting, lujt poison glands o<‘i ur on claviform type's derivable from 
the ophiwephahms category. The two e\ I sling genera. I^ftsMuiUrma 
and Afipi/MiwltmQy arc* di.stingnishc'cl by ifie ambulacra I f dates that are 
xirnplc ill the former, eompouml of the diaclematoid type* in the latter. 
Ihe several specie.s of each of the.M' genera inhabit deeper waters and 
hence arc* known chiefly from Ihe ciredgjng.s of ccdlocling expc'ditbins. 

I he .striking natural nppearanc*e of thcM* urchins is iiidicalcHl by Morteii- 
''CiiK (1023^ miic'h eopic'cl (igurc* of /Vc.tiWmr/f wa mdi’now iFig. 223 /i^), 
drown hy him from life from a specimen dredges I at 21 K) m., otf (he Kei 
Islands. 

Ihe family Peel i aid a e is ma‘>tly extinct. r<'pn*.s<*nted hy only one 
••^listing genus, ('(unopah'nQ, with about 1(1 spcHies. mostly limited to 
deeper waters. This genus ditTers frmu the prcH'cdijig genera in tin* 
attcr test, cx.scrt terminals, and sjunes of ordinary construction; (he 
primaries arc solid and the others have a narrow lumen. In the two 
•'*mainj||j 5 families all the spines are hollow. The family Mi('rop 3 'gidae, 
I'd i one genus Mirropiffpi. containing (wo siKf'ies, is disliuguishod by 
* retnurkahlc alteration of some of the podia, those emerging from the 
oujcrm<>.si pore pairs of the ambiilaera. In thc.se (Fig. 223/2) the terrni- 
disk is enormously expanded, res<*mbling an umbrella, and supported 

^ s of tlicse pixlia contain anchor spiculc».s. The outer surface of the 
^^hel^ appears of glandular nature and proliably secretes nn 

esi \ c su f .j species of .1/ icrop yga i n Ita bi t dcopo r wa I ers 

the Iiido-Mulay region. 




yir>. 224 - — Cidsriiiar. Dindemiktidae. Salenlldae. A. small Ut of fcAfnofArix 
ln<io*l*aci5c, showing ^ntrast of ahoral priniarv and s^roodary spin<>e, B, A si 
pu/iinaJ<7. i'anamic region, showing spineless areas of test. C. Sc/fnta porsiana 
Indies. 0. Xoiaciff^ris remi^ra. antaretle (o//tr .l/az/entra. 1030>. I. primary 
2, secondary spines: 3. prriproct: 4. senital plates: 3. maHreporite: r>. rmopr>re: 7. 
laern) nress: S. inleran»l>uln<'tnl arenc; P, anal rr»ne. 
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The Diadematidae is the most important and familiar aulodont 
family; its members live mostly in littoral and sublittora) zones in 
r Topical and subtropical areas as tlie Indo-Pacifio, the West Indies, and 
the Calif oniia-Panamir region. This family is <lij>tirigin.shed by the 
'^lender, fragile, hollow spines, often very long, armed with whorls of 
minute teeth (Fig. ITOA’), The terminals are generally iiiMTt. Cllobifer- 
(lus pedieellariae are mostly wanting, but tin* (dher types are usually 
richly developed, especially the ebviform variety. Diadematid urchins 
are generally of large site aiul purple or blaek in color with, in .some 
genera, spots or streaks of a brilliant fdue color along the aboral inter- 
ambulacra. The main genus l)i(nhmQ i » ('luircchiuHit)' is jjoted for its 
very long primary spines that may rf*aeh a fcH>t in length. These spines 
are very dangerous, as the sharp tijvs easily pcnelrai<* the .«kiii and further 
fltmg badly, cau.«ing intense pain; apparently some s<nt of to\in ac<<»m- 
panics the penetration of (he spine tip. iiltli<»ugb the source of this is not 
clear. The terminals next the maclreporile are exwri and the jicripract 
naked with a conspicuous anal eonc. Very cotnrnoti species ar(* 
and miitjuui from the Indo-Pacific aii<i l>. outiHurum (Fig. 
1700) from the West Indies and Florida. The test is somewhat fli'xiblc 
in ■XntrQptjijn, ChuHtMHmhmn, and I wo other diademafid genera, Iiccau.m* 
nf imbrication of the plates, hut this fact dtH'.^not relate tln> Diadematidae 
to the Kchiuothurlldae. 'riie test of Axlropijijn is large and Mattc^ned, 
and the elongated genital plates gi\e a star-like ap|)c*arnfice the aboral 


'•cuter, heightened by the fad that a sunken spineless iiitciaml>ulacial 
area coiitimies frcun each genital plate lowar<l the ambitus, soon hifur- 
•'**ting. The bright-blue spots are IcMailcMl on the.se naked areas. AMro- 
P!fU» radiatu is widespread in the I udo- Pacific r<*giou, and .1, pu Irina to 
(Fig. '22a H i inhabits shallow waters on (he Paeilie shores of lropi<'al 
America. In ChaetodiQdrma. (be test is also large, flatteru'd, and some- 
'^hat tlexilile. with nakdl iuterambulaeral areas on the afxirni side. 
In the only eomnnni s(H*cies, f. granul/itnm, lj>do-Mftlay region, there 
w welUleveloped spines only around the amhitus, so tliat iniK'h ol tfie 
'«al and afxirul surfae<'8 eoiitrasi with the amhitus by reason of their 
^hort, fine .spines. In ('entro.ilephanus with rather large, llattenecl, but 
mnexible, test without spinelesx aboral interambiilaeral areas, long aboral 
primiiry spines are often present, as In Diadrma. Onlroifkplianux differs 
•«in other diadematid genera in having glohiferous pedieellariae, mostly 
'wth xialk glands. The mast common spewies. (\ longiapinus, found in 
c Mediterranean and eastern Allaiidr, is provided aboral ly with the 
•rightly colored rotating spines alrcadj' mentioned (page 438). In 

iats l>otwoen Morlenscn and oilier RjicciaU 

cal V* bta finally been settled by (he Interoalional Commission on Zoologi* 

• '•menclature in favor of ihu/ienta. thus supporting Nforlcnsen. 
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Echinolhrix ^nth firm, fiat toned test, Jarge spines are confined to the 
broad interambulacra. and the narrow ambulacra bear only fine spines 
(Fig. 224.1), elongated aborally and capable of inflicting severe wounds. 
The spine.^ of this genus are often beautifully banded. The two species, 
Eefnnothrix cnlamarit and diadcwo, are of wide occurrence in the Indo- 
W’est Pacific area. 

23. Order Stirodonta. — In this order, as in the Aulodonta, the 
epiphyses of the lantern are small and do not unite above the teeth, but 
the teeth are koelo<l. The test is a head's inflexible and not much flattened 
at the poles. The perigiiathie girdle gives rise to auricles in the radial 
positions and is reduee<l to a ridge or wall in the interradii. The spines 
are solid with or without n cortex, and globifcrous pedicellariae are 
generally wanting, The amlnilacral plates when compound are of the 
diadematoid or arbacioid types. The stirodonts are mostly extinct, 
eoii.sisting of four wholly extinct familie.s, two others each represented by 
only one living sjhu’wh. »n<l two families, the Saleniidac and Arbaciidae, 
which contain a number of living members. 

The Saleiiiidne have rounded (e.sts of rather small size; among the 
extinct members are found some of the smallest echinoids known, with a 
test diameter of I to 3 mm. The out. standing characteristic of the family 
is the large plate {badly calltnl suranal plale) (hat occupies theaboral pole 
and presents a concavity toward the periproct that is thus pushed 
markedly to one side (Fig, The peristome is covered with small 

imbricating plate.*<. The spinalion reminds one of cidaroids; the primary 
spines are long, slender, and more or less thorny, covenxl with a cortex, 
whereas the secondaries are .small and flattened, without a cortex. The 
existing saleniid.s belong to two gencm, Salntocu/aris with simple ambu- 
Ineral plates and Sofrnin with ambulacra I plates composed of two fulh 
length primary plaic.s. In both genera each plate of the corona carries 
one large primary tul«*rele. .Memf)er.s of both genera inhabit deeper 
waters and are o}>t,‘iitie<l only by clrwlging. The best -known salcnijd 
id Salr/iid f/orsiaiiQ (« pniUrwni^ from the We.st Indies at depths of 90 
to 540 m., a pretty and very small urchin, white with long a bora I primary 
spines, handed in ml and white iFig. 224<'’). 

The outstanding rharacterislir of the .\rbacijdae is the provision of 
the periprex t with four (sometimes live; large plates that act like valves 
for the central aruw (Fig. 190/?). The members of this family are of 
small to mo<l crate size with a r<nigh or papillate test, bearing chiefly 
primary .spines of mmleratc length. Secondary spines are scanty or 
wanting. The primary spines of the oral side are usually covered at the 
tip with shiziy cortex forming a cap (Fig, The ambulacra I plates 

are of the arbacioid type (Fig. lOlC). The primordial interambulaeral 
plate persists at the peristome edge throughout life. The .sphaeridia 







•^'“■Temnoplpuridae. . 

Indo-Parific. 

'« Of ,ame. Hho« 

^ odp,**I 3 

1 *^'.*^»d^Ponte: 13. W 
' 17. holes for dowels 


of Tfmnoptfurut forcumofCret. showhas dowels. amhulacral 
•n* piu and holes for doirels. P. interanthulaeral plates of Salmacu 
{[>~P. 9/itr Duncan. IK^.) 1, preoral artns; 2, 

arms; 4. anterolateral arms; 5. epaulette; 6. dorsal arch: 
posierolatcral processes: 9, esophagus: 10. stomach; U, 
interambulaeral areas; 14. bare ambulacral area; 15. 
; 19, spibe tuberelee. 
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arc I loused iu piUtike depressions along the center of the ambulacra. 
The genus .lr6nc?Vi is provided with primary spines only and has one 
sphacridium at the oral end of each ambulacrum. The members of this 
genus are mostly littoral forms and are among the most familiar regular 
urchins. The most common species are A. pxinctulata, found from 
Cape Cod to P'lorida and throtighout the West Indies, -4. lixula (* puS’ 
tulosn) in the Me<iiterranean and along the Atlantic Coast of Africa, 
and A. iflcUota. from Lower California to Peru. The genus Coelopleurus 
(litTers in having 5 to 12 sphaeridia iu n row along the center of each 
ambulacrum. Members of this genus are somewhat larger with longer 
spines than .4W>orio spe<*i<*s and are conspicuously red or purple. The 
primary spines are angled. l>eing triangular in cross section (Fig. 180£)> 
roc/op/enras inhabits deeper waters than Arbacic and hence is less 
familiar. flon'Aanus occurs from Carolina to the West Indies, mostly 
at depths of 100 to ->00 m., although descending to 2380 m. Another 
a rime j id that may be mentioned is (he black urchin Tetrapygus ntger, (he 
largest existing arlmciid, reaching n diameter of 75 mm., differing from 
Arhtirin in the presence of sef'ondnry spines on (he interambulacra. 
This urchin Is common in (he liltoral «>ne of (he coasts of Peru and 
Chile. 

The Storaopnoustidue with a poriprocl of small plates are represented 
by only one living siM^cic's. Stomopnru^es rariolaris, a rather large black 
or violet urchin wi(h polypcnxnis ambulacra I plates, common in shallow 
waters in the I tulo- Pacific jvgiori. The Phymosomatidae are also extinct 
except for one species. (#7yp/oriV/fln>rrfnidon>, wi(h oval pcriproct ofsmflU 
plates and poly porous ambulacral plates, a littoral species found m 
.lajianese waters. 

24. Order Camarodonta. In this order the enlarged epiphyses are 
fused across tlie top of each pyramid, forming a sort of bar in front of the 
tooth (Fig. Uhif’) and demarcating a large cavity in the upper half of th^ 
jiyramid; the teeth are keeled (Fig. 198£». In the young the periproct 
is often occupied by a large plate, as in the Saleniidae, later usually 
absolved in part and more or less replac'cd by small plates. The ambu- 
lacra are of the diadematoid or echinoid types, or polyporous variants 
of these types. The spines are solid without a cortex. All four types of 
pediccllariae are abundantly pn'scnt, and (he globlferous type is 
provided with stalk glands. The auricles of the peri gnat hie gird c 
generally form arches over radial structures passing onto the corona 
Most of the common and familiar regular urchins of the littoral zoM 
belong to this order. The existing species fall Into six families: Tem 
nopleuridae. Toxopneustidae, KeWnidae, Strongylocentrotidae, Pa*'® 
saleniidae, and Echinometridac. , . 

In the Tern nopleuridae the test is more or less sculptured by pits an 
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dopiossioDs along the sutures and oit the plates, and the plates are 
sutured together by a system of pits and knobs (Fig- 225C--F). The gill 
cuts are mastly shallow. The pluteus of this family is notable for the 
wide, flattened, post oral and posterodorsal arms (Fig. 225A). The 
Temiioplouridae are mastly small urchins with short, brightly colored 
or brightly banded spines, limited to tropical and subtropical regions, 
except the eastern Pacific. Temnoplturu9 with pits on the plates of the 
al)oral part of the corona is exemplified by T. lorcumaltcus, widely 
distributed in the Indo West Pacific region. Salmacis has the pits 
reduced to minute pores at the sutural angles of the coronal plates; the 
most common species, .S. bieolor, from the Indian Ocean, has very short 
spines banded in red and yellowish green. In both Microci/phus and 
Mcspilia there are naked (spineless) areas along the (nterambulacra, and 
in the latter they form broad hands extending from the apical system to 
the oral side, ^/cspitia (/lobulus^ a common littoral form of the Malay 
region, pr('8enl8 a curious api>ca ranee fj'om the aboral view with naked 
radiating interamhulacral areas alternating with areas covered Mtb 
numerous short, rc<l-banded spines (Fig. 22uf?)- In Ambl!/pncu$ici. 
nuxstly from Australian coasts, these areas boar small spines, Pseud- 
echinus, \nth a number of species In the .\ustralia- New Zealand and 
sultan tare tic region, lacks test stuilpture and pores at the plate angles 
Temnotnma, a genus of small, short -spined urchins with about 12 species 
on tropical coasts from Japan through the Indo-Pacilic area to Ilawun, 
ha.s conspicuous oblong pits along the plate angles and horizontal plate 
sutures. The test is heavily sculptured in 7'riQonocuhns, exemplified by 
T. a/6irfa, a very small, almost white urchin from moderate depths in the 
West Indies. 

In the Toxopneustidae the test lacks sculpturing and is well covered 
with spines of short to moderate length. The ambulacra! plates arc of 


the echinoid type or a polyporous variant thereof, and the gill cuts at^ 
sharp and deep (Fig. 227(7). Xudechtnus and Lt/tcckinus have echinoid 
ambulacral plates, each with a single primary tubercle. The former with 
naked peristome includes several very small species, confied to the 
West Pacific area. Lytcchinus with hea^dly plated peristome ts ol 
moderate to lar^c size and includes the familiar species, L. variegaiuSf a 
whitish green urchin of some size (Fig. 226), very common In the 
Indies and extending northward to the Carol! nas. Other species, olso oi 
pale coloration, occur on the west coast .s of the Americas in tropical an 
subtropical waters. In Toxopneustes a primary tubercle occurs on ever} 
other ambulacral plate only; the three pore pairs of these plates are 
placed somewhat horizontally, so that they tend to form three rerlica 
series (Fig. 227A). The genus is notable for the excessively numerous 
globiferous pediccllariae, of two sizes, both with stalk glands. A 
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Flo, 227.— VnriAu^ Cftiiiorodonla. A, Bmbulat'rnI jtlutos of B. ombu* 

^crBl plHtca of S/>h>ifre<Kirn/g. C. \ulva of flolNfcrous |»odic«llBria gf i*«nmmrchinu$. 
ifl I'-r ^ *lobif©roga p«c]k«lhiria of BcMncmrlrt. »Mli one Ut«cal tooth. B. volvo of 
K g >ifcrou» iicchiTlIarib of SiroaotAfKfutrAtug. wilhc»ul lutvrftl Co«tli. F. volvc of irlobifcroUB 
iwlT' A?cAi«h«, with uniMireti liek>w tlie ond tooth. <C, F. a/ftr Mmimirn, 

' if, «d|^ ol pcri»toiii« of Tripncunfri. nUoM’irift ftharp, 

»nTn-T '?*'"* Nato; 2, deini plaice: 3. primury ^plnc tu berries; 1, aocoi'dary 

' , 6. pore pair; C, end tooth; 7. skks teeth: d, side tooth; 9, median tooth: 10, 

•fn»ml4er«m; II, giU cut. 
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siiuilliT lypo, usually held wide covers the test, producing a floucr* 
like cfTect, InIcusifiecI by a white border, due to densely placed spicules, 
that edges the \'ah'cs. The most common species Is T. pikolus, widely 
distributed in the Indo-West Pacific region; on American coasts the 
genus is represented b}’ T. wrws, rose or light purple, in the Paiiamic 
region. The genus Tripneusies comprises rather large urchins with long 
narrow amhulacral plates (Fig. I8U/>J, so that primary tubercles ocm 
on every two to four plates and the three pore pairs are horizontally 
placed, forming distinct vertical (meridional) rows. In this genus the 
epiphyses of the lantern throw out a pair of cun'ed processes around each 
tooth (Fig. lOr)/». Tnpnru$tes fTutrico^us (Fig. 172.1) is one of the most 
common littoral urchins of the West Indian region, and T. graOVa is 
equally common in the western tropical Pacific as far as Hawaii. Spltac- 
rcchinus and Pn^utloccfttrolus arc large nrchins with polyporous ambulacrul 
plates bearing four to seven pore pairs in each arc (Fig. 227 B). The 
former has but one species, the w'elhknown Sphaercchinus granvhris, 
found in the Mediterranean and along the west coast of Africa to the 
Gulf of Guinea, Psemiocentrolus, distinguished by the oral widening of 
the ambulacra aUo has l>ut one species, P. depressus, Japan. 

The four remaining eamarwlont families have smooth tests without 
sculpturing, shallciw gill cuts, compound ambulacral plates of (he echiiioid 
type, and solid spinc*s borne on imperforate tubercles. The four 
families arc dixtinguishixJ mainly by details of their globiforous pedi* 
cellariae. In the ICchinidae, each valve of the globiferoua pedicellanV 
bears a single poi.non sac, has one fo several teeth along its sides, oihI 
terminates in a single large pointed tooth (Fig. 227C). In Echinus snd 
Psammerhtnus the ambulucnil plates are (ngeminaU, (hat is, with three 
pore pairs, wlicreas in Paracentrofus there are five pore pairs on each 
plate, >forten.Hen recognizes 17 species of Echinus, of which two. 
racttlcnlus and ocufus, are common along north European coasts; they 
are urchins of considerable size with short spines. Echinus cscufenfusi^ 
said by Morte risen to be very beautiful svhen alive, having an intensely 
red test with spines shading to purplish distally. There aie no littoral 
species of Echinus along American shores, but several species occur ni 
the western Atlantic in dcep<*r waters. Psammechinus miliaris, of a 
general green color, occurs from Norway and Iceland along north Euro- 
pean {‘oa.sts and along the west side of Africa as far as the (^ape \ 
Islands, but does not enter the Mediterranean where the genus is reprr' 
sonted by P. microiubcrcuhtus. greenish bro«n in color. Paracentrot'^^^ 
liridiis, with dark green te.st and violet, brown, or green spines, is another 
common and welbknown Mediterranean echinoid, extending do^''n the 
west coast of Afriea. This is a rock-boring species and in some region-* 
the rocks are honeycombed with depressions containing (his urchin. 

The Strongyloeentrotidae are regular echinoids of moderate to large 
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size with poly porous ambulacra I plates (Fig. 19 IZ)). Their globtferous 
pedicellariae are characterized by a long muscular ‘‘neck” and valves 
without teeth except the terminal oue (Figs. 181^, 227E}. The main 
genus Strongylocentrotus is represented by several familiar littoral species, 
The green species, <S. drSbackiensis, with typically five pore pairs on each 
ambulacra! plate, is distributed throughout polar and cold northern 
waters, extending south on North American shores to Chesapeake Bay 
and Puget Sound, The purple spc<'ies, with at least eight pore pairs on 
typical aboral plates, are familiar littoral animals of the Pacide ('oast of 
North America, The smaller -sjKvies with the shorter spines is S. 
purpuralus^ and the large one. to b inches in test diameter, with long 
pointed spines, is S. frfincitconut, a spleinlid spec^e^. 

In the small family Parasaleniiclae with one existing genus Pa rasa 
the lest is oval with trigeminatc plat<*s. The globiferous pc(li<*ellariae 
are providtxl with stalk glaiuU. wanting in the two piwoding families, but 
lack a muscular neck; the valves are arm<xl with end teeth only. Tho 
two species of Para salt nic inhabit the Iiido-pHcilic area. 

The Kehinomotridae. the last n'gular family, are small to large forms, 
with round or oval test, with thixn* or more pt^rc palr^ on the ambulacra I 
plates. The ambula«Ta tend to widen gradually In the oral clir(‘Ction. 
The globifenms pedicelluriao have double poisem sacs and may be pro- 
vided with stalk glands; the distinguishing character is the pre.s^'iice of 
one impaired tooth near the end tooth of each valve (Pig. 227/>y AVAi- 
noslrtphus. with pentagonal ambitus, three or four pore pairs on each 
amhulacral plate, and aboral tuft of longer spines, is limited to the 
Indo West Pacific region. The Australian genus //tliorifiaris has a 
rounded ambitus and seven to ten pore pairs in each plate. Tho 
other echiiiometrid genera to be mentioned EehinoniftrOy Udcrortnlrotus, 
and Coloftorffttrotufi all have oval or elliptical tests, but the plane of 
elongation corresponds neither to bov^n’s nor to ('arpenter’s plane (Fig. 
-^8.1 j, ulthongh almost at right angles to the latter. All three genera 
have poly porous ambulacra with up to 10 pore pairs per plate. Ecki- 
nomtlra with ordinary spines is represented by E. heunter (Fig, 228.1) 
m the \\ ost Indies, extending also to Brazil and the west coast of Africa, 
and by E. mathaei, widely spread throughout tropical and subtropical 
'Waters. Hcteroctnlrolus is easily recogiiizt*d by the larg«*, heavy primary 
opines, cylindrical or keeled, contrasting with the short secondary spines 
" ith flat ends forming a sort of mosaic (Fig. \7SD). The primary spines 
mammillolus. the slate pencil urchin, widely distributed 

the Indo- Pacific, were once used for writing on slates. Of even more 
Peculiar appearance is Colobocfnlrolusy in which all the ah oral spines are 
^ ‘ort and flat-topped, forming a mosaic edged by a fringe of short, flat 
ambitus (Fig. I78C). More ordinary spines occur on the 
Side. This genus is supposed to be adapted for life on rocks in 
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Flo. 226.— Ec'hinomelridae. Hole«(>'poicl«- A. Echiwmtira lacunifr. West Indies, 
aboral view of test. B“D. apical region of various extinct holectj'poids {a/Ur 
1 913). B. periproct stiU in contact with opened apical system. C. periproct has lest 
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he&vy surf. The most common species, C. alraCus^ U found in the inter- 
tidal zone subject to wave action around ^'anous Pacific islands. 

25. Subclass Irregularia or Ezocyclica and Order Holectypoida. — 
This subclass includes all cchinoids in which the poriproct including the 
anus has moved outside the apical system of plat<*s. The periproct 
regresses along one particular inloramhulafrum, AP on the f’arpcnter 
plan, that thereby becomes posterior. Fo>.sil fi^rms exemplify stages in 
the retreat of the periproct (Fig. !>} aii<l in the migration of the 
madreporite from its original pasition to the right r»f 1iu.se of the anterior 
ambulacrum (III on Lov<^n’a syatom^ to a symmetrical location in the 
posterior interambulacruni, as in Fig. l01/‘. The irregular urcliins are 
arranged by Mortensen into four orders, two of which an* mostly extinct. 

The Holectypoida arc a group of mainly extinct echiuolds. which have 
boon especially studi<‘il by HawkiUH (lUl-'a. 10l‘2b, 1020;. The extinct 
mrmherH had tests of regulur sha]H\ circular or jHuitagcuial at the ambitus, 
'Simple ambulacra without pi* 1 aloi<l different iatiim, and eciitrully locutc'd 
peristome and apical system. They had gill.^ cuts and th<*r(*forc gills, a 
perignuthic girdle w'ilh auricles not connrs ted by rnlgcs, und a lantern, 
although its structure is not known. Therefore the more primitive 
liolectypoids differt'd from a regular <*<'liinoid ]>rimarily in the removal of 
die periproct from within the circle of tin* apical plates. I?i tlio most 
primitive geucru Pf/fjnsUr und J*U^icrhitiux i Hawkins, the anterior 

edge of the oval poriproct has rcmaincii in contact w'ith (he semicircle 

apical plates (Fig, 228 /fj. In other genera the periproct shows varions 
degrees of removal toward (he posterior <*<lge of the test and in I/olfcli/pus 
has moved around to the oral side. The apical plates then close together 
to form a new, mostly asymmetrical api<*al center, and the madropciric 
plate gradually shoves itself into a central |Hjsition (Fig- 228f', />). There 
^ro often hut four genital plates and gotioporcs, hut the fifth one may be 
re stored a f t er 1 1 1 e p<*ri p roc' ( ha.s reKrossc<l su ffn'i ei 1 1 1 y- 'i'hv o rdo r e on ( a i ns 
living family, the Kcbiiioncidne. which differs from the f(».ssil h ol octy- 
ls *ids in having taken on an oval sha|K* (as regard.? all the existing 
"^embers) and in having lost the hintorn and jK'rignathic girdle, further 
Kills and gill cuts. It was discovered by .Agassiz (11K)9) that a lantern 
(lid tcoth of the stlnMlcmt t^'po are present in young echinoneids at 
"'ctamorphosis but soon disup|>ear without leaving a trace- The 
lH.'nproct is 00 the oral side close l)ehlnd the oblique peristome. There 
two existing genera, ICcfnnoncus with tw*o species and Micropetalon 


* *'‘•‘>(“1 plaUs: madreporite oslerxtini; eenirall)*. D, poriproct altogether 
»anic *i *** central podiiion. E. Echinonrut oral view of test, 

i ***>•( •pU'al 8>»leiii of B. c^loslomHa, H. bit of petaloid, with con- 
(i 1 ^ inlexambulaera: 3. periproct; 4. madreporite; 5. genital 

fuwd Nates; 7, perUtome; note asymmetry; S, pelaloids; 9 . apical center: 10. 

pl.tee: 11 . madreporie pores. 



Kio. 229.— Cessiduloicis. Hohinometridae. A. perUlvm« of Ctwifiulut. showing (he 
floacclle Lofin. 1875). B. fcAiAMfre^ut odeui^ua. lnda*I*Arific. C. Ap^lopvff'*^ 
reeena, N«w Zealand, abornl view of teal. D. IicliiiidQmpa4 oro^a. Indo^PBcifie. note 
unequal length of pore rows of petaloids. 1. ambulacrum: 2. interombulacrum : 9. bourreJet; 
4, phyHode: S, periatome: 6. goooporeg; 7. pelaloids: $. perif»roct; 9. madreporio por«8J 
10 . groove loading to periprocU 
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with one; of these the last is rare, but Echinoneu^ ci^clostomus is common 
in the West Indies and in fact is olroumtropical, and E. nhnormaln 
appears distributed throughout the tropical Pacific. The three specie?^ 
were monographed by Wofttergren Kchiuottcu^ cyclosiomuff 

(Fig. 228^, F) is a oval sp<'cics of pule coloration, uniformly 

covered with short douse spines, living coiioculM hcncath stones, coral 
slabs, and the like. 

26. Order Cassiduloida. This is another m«»stly extinct order. The 
test varies from round to oval in prolih* with apical system and peristome 
central or slightly anterior. On the a bora 1 surf ace the ambulacra are 
more or less potaloi<l. and around the jMTi.'^loiin* they typi<*ally form 
phyllodos aUenmtIng with well-dcveloiMHi bounelets (page 462j to 
produce floscello.s iFIg. 229.1 1 . 'Fhe |M*riproci varies from contiguity 
with the upi<>al system to an oral hK'atinii near I lie |HTistome and may be 
sunk into a groove, la a few evtim t fcinn> a fully devehipcrl lantern is 
pro.Kcnt in the adult, hut in mc»st cas.^dnloicl'. ilic* lament disappears 
during juvenile >tnges. The family KeliinobrlsMilae wjdi separate genital 
pliUes is represented by <me existing geiius. with two speeie.s, 

of whicli one, ,1. reerna (Fig.s. 22tlf ’. 230.1 n i.s not uiicomm<ni aroniid New 
^>eHl>in(i (Morteiisen. 11)2 h. In lh<* ('as^idulidue the fmir genital plate.s 
arc fused with the madreporitc: the tvs\ is rot i ink'd or oval with fairly 
developed pelnloids open at their distal cauls and ronsftiemous hourrelets 
d'ig. 22l)dl. There are six existing s|Hs ic^ in this family, of which may 
hc‘ mentioned ('asuiituhm rariifat^iriim in the West Indies and T. por(/ints 
m the tropical cnistern Pacifie, The Kcdiiiiolnmpadidae have open 
pet a I olds with the pecuiliarity that the two pore rows of each j retain id are 
<'f uneven length (Fig, 229/>(: the periprcH't, posteriorly IcHatcd on the 
uhoral side, is eoverwl with thriu* large plate.s. There are a mimber of 
I'xisliiig c'chintdumpadids limileci to tropicml and sithi Topical waters, 
living mostly in wateis of moderate depth. The XeolaJnpadidae with 
seviTuI existing species differ from other cu.s.siduloids in the absence of 
pctalojcl and jibyllcKle development, although wcdl-formccl Ixmrrelets 
prc.seiu. The amhtilucra uie }M*culiariy simple with only single 
pures or none. The periprewt is at the posterior end of the test. There 
urogciicrully three. xomc*times two or four, gonojHirex. and in two species 
dlls family, Trophotnmpitx fewraf and Attochonux xiiicnxis, the peri- 
of iho female is insunken to .s<*rve n.s u hrocul pouch for the youii't. 
It may he said that in general the existing cassiduloids rc*sc*mble sand 


dolh 


dollar. 


and some have the same fnirrcmdrig hahil.s; they differ from sand 


Hi the imperfect development of the petaloids, the presence of 


and the want of a lantern, 
f ' Clypeastroida. The clypeastroids or sand dollars naturally 

ow from preccsling order. The test is usually Hatlcncd. oval or 



> V 





FlO. 230. — CassiduloidA (cuncIudMl). Cl.vpM^^roMs. A, Apatopy^u$ reeffu. oraJ 
of Ust. B. PffQntllo tfaumri. Australia, aboral view. C. aj)j<'al system of Peronal^- 
£). proRla of PeroBtlta, E, Bchiitocnamua puaUlva. LIuroi>e. alioral view. F~ iame» oral 
jew. {E, F. after Morietuen. 1907.) 1, perUtonre; 2. ambularn: 3, interambulacfa, 

, petalolds: 5. gooo pores; C, bydropore; 7 , arcs of podial pores; 8. peri prod; 0, icAdroponc 
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rounded or somewhat angled at the ambitus, and is often very substantial 
with heavy internal skeletal supports (Fig. 193/1). The peristome and 
apical system are usually central: the latter generally consists of a porous 
pentagonal plate composed of fused genitals and miwlreporite, accom- 
panied by very small terminals (Fig. On t Ik* ji I )oral.<i<lo the ambu- 

lacra form five woll-devoloped pet a 1 on U (Fig. l92/fj with conjugate pore 
pairs; elsewhere there ait large i lumbers of .'imull uniporoux podia emerg- 
ing not only along the amhulaeni but often along the intenimbiilaera 
also. Phyllodes and bourrelets are wanting. The periproft varies in 
position in the postiTior inlcrambulrienmi but is never in <Miiitaet with 
the apical .system. There are no gilix or gill <'Uts. The t<*xt i.x u.^ually 
cover'd densely with .small spines (Fig. liti.lK A large lariKTii with 
hroad fiflltened pyramids is present (Fig. lUS.t, lit. but the conipussex 
are laekhig. (Jlobiferous pedicellariue arc usually wanting, hut tin* 
three other types occur, altinmgh not ccmspicutnisiy. 'rhen* i> a single 
coneeaU^il sphoeridium (sometimes twoi along each arnbnlui'r((m near 
the peristome (Fig. 18 lA*). The .sand dollars arc* arrangc'd info five 
fumilies hy Morlcmsen. 

1(1 the ('lypeastridiie the pc*taloid> are forme<l of fuinuiry plates 
(ilternuting regularly with demiplales (Fig, 193/ii. The* two pores of 
<‘(ich pair are widely separated, eonnei'ted l>y a furrenv, 'I'he amlniluern 


lire much broader than the internnibnlacTa iFig. and on the oral 

side intervene between the first interamhtilacral plate adjacent to the 
fX’Hslome and the rest of the interambulacrnin: hence (lu* latter ks said 
he diseoniitmoii.s. On the oral side tin* amhulaera usually show a 
simple central furrow (Fig. ITfi.h. Tlie apical sy.stem is c'cntral, con- 
»i«tiiigof a porous roundcsl or pcuitugonal plate with five mir(ute terminals 
iind five gonopores, jdaeed nl the plate angles or removcnl .somewhat from 
•he plate (Fig. [(y2li. ('). The periproef c'ovemi wilfi .small plates is 
ffauid 0(1 the oral surface near the posterior tnargiji (Fig. 17fi.l). This 
Inmily contains but one existing gemus. (’hjpea.Hrr, with many species iu 
•inpieal and subtropical waters, living on or buried in sandy lioUom. 
^Vhcrc'ux most species of ChjptaMcr conform to the concept of sand dollar, 
flattened with a more or le.ss eireular outline, others are tleeidedly 
^Anl or with a high test. One of the mast common »peei(*s is C. roMCCun 
Jrodi the West Indies, locally known as «*a bis<'uit. This is a rather 
'•irge, oval form with a thick, heavy te.st eovere<l with a dense fur of short, 
dark-hrown spines (Figs. 175^, 0, 170.1. mti, lS»3.lj. Some other 
^'ommon species are ruropaci ficus and rotund us from the tropical eastern 
Stifle, ( 5 „|f California to the Oalapagos, (cturus and auslralasute 
Australian coasts, rarispirius and rcticuiolus from the Indo West 
area, huntiUs from the Red Sea, extending into the Malay region, 
ifiponicus in .Japanese waters 
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The Arachiioididae differ from the Clypeastridae, with which they 
shai e the plate arrangement in the petaloids, in having but four gonopores 
and in the arrangement of the tubercles and podial pores (except those 
of the poriferous part of the petaloids) in oblique rows. They are of 
moderate to large size with typical flattened, thin-edged test. The 
mom bo IS of this family are confined to the Australian-New Zealaiid- 
Malay region, where the common species is Arachnoidcs placenta with 
aboral poriproct. 

In the remaining three families the plates of the petaloids are all 
primary. The Fibulariidae are mostly small, oval forms with less 
distinctly formed petaloids than the foregoing, The interambulacra 
arc continuous on the oral side. The apical system forms a fused plate 
with four gonopores and usually a single hydroporo, although sometimes 
a few to several. There are two existing genera, Echinonjamus w'itli 
internal radial partitions in the test and Fibularia without them. The 
former genus is l>cat known by E. pusiHinsy common on north European 
shores, in the M<*<ii terra nean. and along .Urica to the Azores. It is a 
little, somewhat egg-s! taped creature with short, straight-sided petaloids. 
one hydropore suiToundetl by four gonopores, and periproel on the 
oral side thig. 230£*, F). The genus Fibularia is reprcseiiUsl hy several 
species in the Indo West Pacific region; one of these, F. nutriene, from 
the <'<mHt of New Sontli Wales, broods its young in u T-shapisl depression 
of the aboral surfaee (Fig. fl. L. ('lark, 

Tfie I, agan id ae are sand dollars of mostly small to mmlcratc size, 
with u thiek-ctlged. flattened test of eiix'ular, ovoid, or angled outlijic. 
On the aboral surface the ambulaera ar<* distinctly petnioid and the 
interambulaeru terminate U'twmi them by one large plate. The apieal 
system is fused into one pentagonal plate (Fig. 2300 J. The periproel \s 
situated on the oral surface, which also bear>i five simple ambulacrai 
furrows not reuehing the edge of the lest. The small (miliary) spines 
terminate in a crown (Fig. 179^). as is al«j the ca.se in the Fibulariidae. 
The lagaiiids are inhnhilanis of sandy bottoms in shallow waters in the 
Indo West Pacific region. There are two existing genera, Ijagunum with 
five gonopores and madreporic pores sunken in lines or pits (Fig, 23 lA 
and Prronclla with four gonopores and madrep<iric pores not so sunken 
(Fig. 230 H D). P)ach ha.s a number of spe<*ie.s in the region indicated. 

The typical sand dollars belong to the family Scutellidae, relatively 
large forms with a ver^* flat, tlun-edged, dis<*oidal test, provided with 
distinct petaloids aborally and branching furrows orally. The into**’ 
ambulacra arc generally discontinuous on the oral surface and terminate 
aborally with two small plates. Genitals and madreporic plate are fused 
into one pentagonal plate with four or five gonopores (Fig. 1 920, whereas 
the terminals remain more or less separate. The tips nf the mi In'! r' 
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(«>nlm«e<P>, La^unuU^, Siuldlidftp. A. La^anum iQoanun 
vrp. View. B. varue oral view. C. satite, profile. D. »ame. apical rogior 

View, ^r* , ”i* ••»adrotM>rc‘S. B, Bckinarackniut porina. New England coasf. or* 
‘ulaeral furrow of aame. showmg pCKlial porea. G. profile of E. parrru 
2. P«i)ilr>id»' a rocific Coaat of North America, aboral view. 1, apical eentei 

8<>noi>op*#. e 1 periproet: 5. ambularral furrowa; 6, worm*]ike madreporee; ' 
‘ 8, terminal porea: ft. madreporic pores. 
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Rpines of the aboral side are usuallj* encased in a bag of glandular tissue. 
In this family pcdicellariae are mastly small and scarce, and the tridentate 
and triphylious types are reduced to the small two-valvcd condition 
(Fig. ISI^). The geographical dislriliulion of the Soutellidae is peculiar 
in that they are limited to AmiTican and Japano.se waters. 

The genus Echvtarachratts, in which the furrows l>car only one pair of 
hmiiche.s near the margin, has Iml one giKXl .spe<'ies, E. parma (Fig. 
231/v (t). the common sand dollar of the North Atlantic Coast of the 
1 nit(H] States as far south as New Jcrsi*y; whal s<*em.s to bo the same 
Hpceie.s is also found in the North l*:n'the from \‘ancouver to Japan. 
Swphrchinus, litnit<sl to Japa(ie>e walers, clilTers in that the arnlmlucrul 
furrows soon fork into iwti b^anche^. ca<*h ultfi .small side branches. 
DrntfraHitr is easily recognizisl by the posirrior p<i>ition of the apical 


system, so that the three anterior iwlahiicU are mneh longer than the 
posterior ones, l)vntirnstf'r 4'xretitriciis < Fig- 231//; is very <'onimon 
huried in the sand <»f BheUer<'(l Mats on the l^ucihe ('oast from Lower 
t'ulifoiniu to Alu.sku. The remaining .'cutellid genera are readily dis* 
tiuguislitsl by the pre.senee of Iniiule". Ev/nnoiHiirux. a large, very thin 
‘‘ikI Mat scutellld, somewliat widemsl pasieiiorly with a iruiienle posterior 
'•luigiii, lius two luimle.s, one in cueh po>terior ninfmlaenim (Fig. 232.1). 
I he common species, anritun and hiV/wr/ynifas, oeeiir in the halo- .Malay 
''•'gioii a ad ahing the cast eiwsl of .\fnca. The very large A\ nariius, 
'niying in color from yellow to purple, is eall<*d sea pancake by some 
out hors. The gcoms MtUita is provided with lunulcs in the four paired 
|*Jnhulacra and in the posterior iiiteronilMilucrum, also in come species 
•“the anterior ambulacrum. The siutIcs with live I u miles, M. quin- 
‘Mctperforola. is found from Nantucket to IJruzil ami I nto the West 
I idles as far as Puerto Uico, and that with .six hi miles. .1/. ftf^xiesperforaia 
oceurs from the ('urohnas to Patagonia, including the 
' c'st Indies. Europe has six lunulcs, Iml the umbulacral luiiulos remain 
open notches, so that the only cIoschI luniile is that of the posterior 
*1/ (Fig. 232//>; it further has five gonoporcs whereas 
cHitfi has four. The.s<* arc a number of siK*<i<'s of Europe, limited to 
•^“pical and subtropical coa.sts of the Americas. Holula is easily rccog- 


'••^.‘•d by the numerous deep notches of the posterior margin of the tost, 
priMimably representing incomplete lu miles. This genua is limited to 
10 tropical part of the W'(\st coast of Afri(>a, where tlierc are t'vo species, 
/ without luiiules (Fig. 178.1, //) and augu^Ut with a luiuile in 
anterior ambulacrum. 

' ‘ Spatangoida. — The spatangolds or heart urchins are 

struct ^ mostly oval sha|>c, usually elongated, with the 

olt.n^ arranged symmetrically with respect to the axis of 

Ra ion. The anterior ambulacrum is often indented at the ambitus, 
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giving the test a cordiforra outline. The anihulacra, except the anterior 
one. are generally petaloid aborally and may be flush with the surface 
or more or less deeply insunk. Phyllodes are generally preserjt, but 
bourrelets are wanting. On the oral side the posterior interambulacum } 
is often slightly elevated and forms a plastron, The peristome is dis- 
placed anteriorly, so that the three anterior ambulacra are shorter than 
the two posterior ones. The apical system consists of separate plates 
with two to four, mostly four, gonopores. The spines are mostly short 
and slender and the larger ones arc usually curved and held parallel to 
the surface of the test, appearing as if combed back, and often arranged 
in tracts (Fig. 235.1. R). Peculiar to the spatangoids are ihc fascicles, 
narrow bands composed of closely crowded minute tubercles that support 
special tiny ciliated spines. The location of the fascloles was described 
al>ovo (page 421). A masticatory apparatus is completely wanting and . 
conscfiucntly the structures usually located on the aboral .surface of the 1 
lantern are found euclrcling the inner edge of the peristome. The 
spatangoids arc typically burro wers, and many of their peculiarities arc 
adaptations for this form of life. The existing spatangoids are divided 
by Mortcjisen into the meridosternous forms in wliieh the la brum abuts* 
paster jovly with a single plate of Ihc plaslron (Fig. 233.4) and the amp- 
histernous forms in which it abuts on two plates (Fig. 192.4). A morr 
primitive group of protest ernous spatangoids in which the p^wtcrlor 
inlerumbulacium was not differentiated at all into a plastron is wholly 
extinct. 


Tlio meridosternous group also contains a number of extinct getieia 
and is represented by three existing families, Ihc l‘rccliiiiidao, the 
Cnlymnidac, and the Pourlalcsiidae. The Trcchinidae are deep-water 
echinolds of ovoid form with a thin, fragile lest with short .spines. Pet* 
nloids and phyllodew are not dilTerentiafed, and the amliulacra consist of 
simple, uniporous plates (Fig. 2320, B). In the apical system the 
terminals of the two anterior paired ambulacra meet at the center, 
separating the anterior from the posterior genital plates (Fig. 232E) 
The periproct is near the posterior margin on either the aboral or oral 
surface. In Phxccktnus the posterior end of the plastron, bearing » 


u ell-formed .su banal faseiole, projects conspicuously, whereas there is no 
such projection and a faseiole is wauling or indistinct in the other existing 
genera, I'rechinus and Piicmalcchtnus. The Calymnidae arc reprcscntc( 
hy only one species, Calymnr rWiWa, dredged near Bermuda ai 484o m. 

hy the ('hallenger (Agassiz. ISS\>. Only fragments were prc.scrvcd, but 

from the description at the time of coliccling. it appears that the test "as 
oval, fragile, and pale green in color with a con.spicuous marginal fa.scioe. 

The peculiarities of the Pourtaleslldae were already indicated (pa^ 
421). The test is thin, fragile, and usually bottle-shaped, with t ‘ 



AJeridostcrnau^ spalftiiarAicIs (roncIud«d>. A. pcriHlomc of PUtt^hinvt. 
n^' '*“"'• P^urlaitaia, ord v«w. U. apical systeen of 

■ n' 16H3; anilmlacra heavily outlined.) E, jaw of ophio- 

Kellarla of /*ourta/«»io. (4. B. ofirr .Wortcaern, Monoffr.) L mouth; 2, 
labruiti; 4, plastron (aingl® pJale maeu labrum): 5. ambulacra; 0, inter- 
aimal center; 8, lonoporea: 9. position of periproct; 19. hu banal fasviole: 
peristome; 12. anterior ambuJacrum; 13. genital plaUa: 14, madreporite; li>. 
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poriproct on tbe aboral side of the narrowed posterior region, representing 
tlie neck of the bottle (Figs. 174^, \7oD). The peristome and apical 
system are displaced to a position near the anterior margin, and this 
logcther with the peculiar shape much distorts the plate rows. An 
exhaustive analysis of the test is given by Lov^n (18S3). There is no 
ilifTorontiation of potaloids or phyllodcs and (he ambulacra) plates arc 
simple and uniporous. The plastron is poorly developed and is dis- 
continuous. as the two posterior ambulacra meet In the mid-line, sepa- 
rating the labrnm from the single anterior plate of the plastron (Fig. 
233rj. The four genital plates are in contact and somewhat coalesced 
(Fig- 233/>)- \ subanal fas<‘ioIe is usually present, forming a ring around 
the neck of the bottle (Fig. 233/^, C). The ophiocephalous pcdiccllariae 
are of a characteristic type with expanded, toothed tips (Fig. 233^). 
The Pourtalesiidae are all inhabitants of deep water, collected by dredging 
at depths ranging from 440 to 38o0 m.. although the best-known species, 
PourlaU.^ia Klfrcysi, widely <listribuled in the fa j' northern ^vate^s of the 
Atlantic, may occur at moderate depths, up to oO m. Besides the several 


species of Poitrlalcsia, there are others assigned to other genera, but most 
of these are known only from n single collecting. 

The amphisternous spatangolds, in which the posterior end of the 
labrnm abuts on two iH[ua\ plates of the plastron, eomprise the more 
typical members and include a wealth of forms. Fascioles are here vcell 
developed, the paire<l ambulacra are more or less obviously petaloid, 
phyllodcs arc generally present, and the podia oeeur in a variety of non" 
locomotory forms (page 434;. In the family Palaeopneustidac, however, 
some of these characters are not fully present. Especially the ambulacra, 
while more or less petaloid, are flush with the surface and continue \ndely 
onto the oral surface- Fascicles are often absent or indistinctly present. 
Thi.'a family consists of mostly large ovoid or rounded forms, limited to 
waters of moderate to considerable depth, and hence not familiar to the 
average zoologist. The Palaeostomatidae arc characterized by 
pentagonal peristome covered by five large triangular plates; thepctaioios 
are well developed, encircled by a peripetalous fasciole. The one 
existing species, Palacosioma mimbile. Is a small ovoid urchin with 
gonopores, found at moderate deptlis in the Indo-Malay area (F(g. 
234.4, /4). The .Veropsidac differ from most other spatangoids in that 
only the anterior ambulacrum Is petaloid with very large peiiicillate 
podia, whereas the other ambulacra are of ordinary appearance, a 
the ambulacra! plates are simple uith a sijigic pore pair- There are tno 
existing genera, Acropsii (Fig- 234E) with shallow and Aceste (Fig. ^ 
with deeply sunken anterior ambulacrum, both in deep waters. 1 
family Toxastoridae contains but one existing species, Isopotagus obovatus. 
in which all five ambulacra are distinctly petaloid and fascioles are lac 
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ing. Tbid is a large urchin with a high test, known only from the Sulu 
Sea^ taken at 800 m. In the Hemia.Mcridae, the nsnal four paired 
ambulacra are pctaloid, and fasciolcs are represenfc»d by the peri pot alous 
kind only; there is but one existing genus. IltminiUrr. with a few species, 
also inhabiting deeper waters. Of the.se l/rmidMtr CTj>/‘ryUHs is the best 
known, distributed over the North Atlantic as far Kcrntfi as the West 
Indies and the Azores. 

The remaining families inelnde (he more familiar ^patuiigoid.s with the 
typical oharaeters of the order: f<nir ix'taloidx <'losed at (heir ends, 
projecting la brum, phyllcnle^. and one or mrwe faseiolex The Spa- 
tan giJae are known by tfie preM*nee of only the so banal fasciote; the 
apical system is ethmolytic, tliat i>. the nniclreporite has movinl into a 
symmetrical posterior position with ivferenee to the four genitals (Fig. 
lOlF). In the genus SfHitutnjuK the text ix large, aborally arcfied, ami 
cordiform wjtlj petnloicl.s Mush uilh the .sniface, anil with a spiny pla.stron. 
riie most common x|MS'ies, N. /mrparras, of vioh't color, distinguished by 
the broad shape of the faseiole. is found along vse.xterri Mijroi>ean coasts, 
lu the Mediterranean, and down the we.st .xlde of Afrh'a (Fig. XU/)). In 
Manda the plastron and adjoining amfnilaera lUx* almost devoid of 
spmes. In the most eommem .sp<s ies. .1/. phinuht/i, widely distrilnjted 


in shallow waters in the Itido Wi‘st Pucith* region, this nuked area is 
raised as u sort of k<'<*l, In Ptimmantin with fnur and P^vtaloniardia 
'VI th three gonopores, tlie pore pairs are degenerate uhing part or all of 
the anterior side of the anterior petals. 

I ho family boveniidae dilTer.s from all other spatangoids by the 
presence of an internal faseiole that ench>s<*s the apical sy.slem and much 
of the anterior ambulacrum (Fig. />}. The te.st is of moderate to 

large size, rather low, and of cordiform outline. The four petaloids arc 
"ell dovcloptnl, flush svith the test. On the alioral side between the 
petals there are often large tu lurch's with deeply sunken areoles; these 
tubercles in life carry long curved spines directed bai'kward. The apical 
Wem is ethmolytic, as in the Sputangidae. witli nearly always four 
S'lnoporcs. Tin* main gciUTa are iM’enia and EchinoennHum with 
jn terns I and «u banal fasciolesand lirfi/nta with, in addition, a peripclalous 
^^rioly. (jf seseral s|)ec'i<»s of Loirnia there may be mentioned L. 

(Hg. XMi!)) from the Indo-Pacific with narrowed posterior end 
from California to the (ialapagos with an altogether 
^ tT narrow test. Echinocart/ium differs from both f^oveniti and 
return in lacking the large a bora I spine tubercles with deep ai'coles. 

cordatum. the common heart urchin, is one of the best 
^ led echinoids (Fig. 235.1, D). It appears to have a nearly cos- 
and I ^'^Iribution, occurring on riorth European coasts from Norway 
into the Mediterranean, also off South Africa, from Carolina 




t j o. ^^4. — A m phul wnogs spat ancmda. .4 , P<tJwt>«ioma mir^lnte. 8, peri stome of 
C. apn*al system of Act tie. {A-C. nffet Utfn. 1883.J D, Spclanout pvrpufeut. Kurope. 
oral view of lest. B. Aeroptit rtlretlQ. northeastern co«a( of North America {ofler >tof 
UHttn. 1007). J, anterior acnbulacrum: 2. peutoids: 3. peripetatous fajciole: 4, periprocts 
5. ambulacra: 0. mterambulacra: 7. apical renter: 8. iroiiopore*: 9, peri^toruc: 10, five vnh'es 
of peristome: JJ. phjllodes; 12. fabrum; J3. plastron (tu'o plates meet tabrum): U.subanal 
fascjole: 16. anua; 16, cemUl plates; 17, madreporin porttt; 18, terminal plaWtfi. 
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<0 Brazil, further along AusimILi, N'ow Zealand, and Japan. Some 
other species are E. floirstrn^. along Kurojjean eoa.sts an<l <lo\vn the coast 
of Africa to the Azores; E. medil^rranniii} in the MiHliterranean; and E. 
pennatifidum in northern Kurap<*an waters from Horgen to the Bnglish 
Channel. The genus Eni/nia jFig. '2Zr>('} is limiteil to Australian shores 
and the Malay region. 

The family IVnrc»smidac is ehara< terize<l hy the eomlnnation or 
peripetalous and marginal faaeiole.s; a Milmtircl fasci<ile is wanting arid the 
|jorjf>rtulous faseiolo U*nds inwanl niarkrtlfy l*c*tw<H*n tlie petaltnds. 
The single existing genus A n’ro.'* has sunken prlnloids and thefrurital 
umhularnnn is also u.snsilly siniken. forniing a noted). The several 
of Ptruo.smuK have fa*eii taken .^iJoradleally in the tropical 
lndo“Bu<dfie. 

Still anotlier eomldnation of fas-doles ina-urs in tho family Schiz- 
ustcridao: here (here is ty plea fly a f«'ripelahai> fasriole from whose 
posterior angle.^ a lateral faseiole jncM'mls haekvsard to eitlier side of 
tiu- )>rriprciet. IIo\v(‘ver. fuM'iole.v Hr<' wanting in (lie antarctic genus 
diap/n/o ash'x, whicdi i.s u brooding sfieeie.s u ilh d<x*ply sunken petaloids 
ni die females, A similar re.Mrietjori tri cold xmthern and antarctic 
'vuters and a .similar <U*etM'riing of the p<'t:iloic|s in females for lircasling 
purposes also jiertain to the genera (Fig. ‘2(H\) wUU peripetalous 

hut no lateral fascioles and Tnf}i//iis with fmlh. \ number of species of 
hII three genera have f»ceri taken on ant arctic e,xi>odi(ionK, In EnaaifUr 
t apical system with tfirec* gonopores is rnneli disfdaeod posteriorly, 
that the paslerjor petalolds aix* very sfiort and (he test is high at th<* 
real (Idg. 23tW>. E). 'J'he lateral ra.^wdoUv may Ik* prcMait or more or less 
tieed. Erminter /rnoilis i.s common on Xorwegian roasts atni adjacent 
aieas of the North Atlantic, and /?. lowfwndi and falifrons are found 
-Ih I^anama. The test ia high in Echizndcr 

deeply sunken anterior amhulaeVum bordctx'd laterally by crests 
ofmod of the adjacent Inleramhulaera: here, too. the apical sy.stem is 
posterior with very short posterior |H'(aloids, but there are only two 
Konopores. and the lateral fascioles are distinctly devolopcxi. Schuaftl<*r 
aa in q well-known Mcxliterrancan spivies that often serves as an 
ration of an (H hinoid with only two gonads (p'ig. '>04r>. In .1/ofra 

ami <h‘*'ply insnnken narrow |K*(aloid.s and anterior 

although (he apical system is approximately central, the 
WiT'*'' P‘‘taloids are very short. The lateral faxdole is well developed 

middle of the anterior petalolds and extending 
on th ^ below (he i>enproel which is situated well up 

mm posterior end. .l/e<m tf/ropoa. a rather .small species, to 

llvin I <K*curs from Carolina to Texas and in the West Indies, 

huriod in mud (Fig. H). 
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i|mKl4>rtif»u, (tHiiitinucd). Schisa^lcridae. Bri.ssida«. A, 

^ (ridioH, aborul view. B. Mine from Uie side, C. BrittopsU itacifie^, 
^rul View. D, Britaat<r laiifrpni. CvKfornia. aboral view. B. same as 
anterior atnhulacruin; petalowlc 3. lateral /a<«>toIe: 4. |>eriproot; 5. 
: d, goDopores; 7. peripetalous fasciolc: 8. labrum: 9. conjugated pore 
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The last spatangoid family, the Brissidae, is known by the combi- 
nation of peri pet alous and su banal fascicles; anal branches from the 
latter along the sides of the periproct are generally present The 
petaloids are usually not much sunken, and this also applies to the anterior 
amlnjlacrum. The genus BrissopaU rnolndos rather large forms with 
ec^ua) petaloids and anal hranehcs fonvard from the subanal fascicle. 
UriHsopsis hjrifcra is a w ell-knou n species along northern European coasts, 
extending Info the Mediterranean and dow*n the west African coast; 
H. luzonica iK-cijis throughout the Indo West Pacific region from the 
Hcd Sea to Jai>an and Hawaii: and H, pacijica (Fig. 2360 i*i the Paiiamic 
region, PI<ujioOrits9us ia also rather large with long, narrow petaloids, 
anal branches fr(»m the subanal fas^'iole. narrow ambulacra bounding the 
plastron, and weil-m»rke<I pm|)etnlou8 fascicle that does not bend 
inwaixl between the petaloids. Phgiobriftsua grandU (Figs. 191^, 
192.1 from F lorn la ajid the West Indies, is one of the largest spat a ngoids 
with a very handsome lest, liriasua is eharacferizcd by the anteriorly 
located apical system, the lack of anal fawiolea, the kidney-shapwl 
Kubana! fasciole. and the lnl>endlng of the f>eripet alous fasclole between 
the potalx, Hrisaim uHtcoiof is common In the warmer waters of the 
Atlantic, on both Its casteni and western cemsts (Fig. 237/^, C), and B. 
lafeenrinatua Is widely <llstJibufetl in the Indo West Pacific from the Hod 
Sea and MaurltiuK t<t the MArc|U<wi'< and Hawaii. The genus Meow^ 
liichulcs tw(» upvvU's of very large size with arclic<l lest having nariw. 
sunken petaloids; the perlpe talons fas<'iole lierids sharply Inward he twcci) 
the petaloids; the subanal fasciole Is imperfect In the adult and there arc 
no anal braiudie.s from it, Mfonia mitn'co^i (Fig.<. 174.4, E, 170.4) is 
well-known, very large spaiangoid from the West Indies, and Mfomo 
(jrnndix, slightly smaller with large spiur tulM*r<*les between the petaloids, 
occurs from the (Uilf of (‘allforiua to the (lalapagos. In Mctalia the 
perl pet alous faw'lole does not bend inward markedly l)etweeii the petal- 
olds, and the shield-shaped subanal foM'lole gives off anal branches; 
large tubercle.s are wanting. The several species are found mostly ni 
the tropical West Paeille, exet*pt M. nofn'tia from the Panamic region, 

29. Ecology r Habits and Behavior. I'lie H'hinoi<Is are exclusively 
marine benthoiiu- uriimal.s. and therefore their activities and adaptations 
arc* correlated with an existence on the ocean bottom. AH ochinolds 


keep the oral surface In contact with the substratum and if turned over 
are g<*iu*rally able to right themseh*e8. The regular urchins gen era lb 
Inhabit rocky or partially roc'ky «r other ty|M*s of hanl bottom, although 
they may be found on sand. Coral reefs also constitute a favorable 
habitat for lai^e numbers and kinds of regular urchins. In suitable 
,spots along ocean shores uixdnns may be presenU in such numbers that 
ificdr splne.s touch and it is impossible to step between them. HegnlaT 


fe’( HlSOi DE.\ : BBH. \ VtOH 


o4a 

urchins often occupy depressions or c^e^^ces in rcM?ks, and in the case of 
certain species it is known that these depressions are deepened by the 
activities of the animals themselves. The main rock -boring urchins 
are P^ammechinus miliaria an<l Puracentrotus lividui on western European 
coasts, Sirongylocfntfotus purpuralut on the Pacific C'oast of the United 



I* * A. BrU/^pki/t oral vlaw. B. Hriktttk 

nnimtkr. rMr rrnl fnMn Ocul nidf. Hbowin* ftiaoiole. 1. 
ainl.ulfum, . *'’**U** t- ••J»>anal fitsvUAt': 5 . j>«rinrort: 0, anlorlor 

8- j>eri|>ri»low fasclolc; 9, apicaJ canUr: lU. gonoporc*; II. 

]i. |K»re pnira. 


th vchinomcirld.s t'chi/nMircffhns aciri/lalun and molartif in 

•juK* Pacifif and Pvethinm cftlorolicus off New Zealand (Far- 

><u, 1801). The Wt-knowii rock honT is P, tivuius. whose activilie.s 
^ oiicyc'omli ro«'ky walls. When the harrows are shallow the urchins 

unim f'*** suitable, but the 

oftet^^ remain permanently hi deep burrows and in fact are 

you 11 to jjet out of the narrow entrance made when tliey weie 

ruatcr*^*! smaller. In such cases they inu.st depend for food on 

rock I**' ir^to the burrows by waves and tides. The matter of 

xniiijr urchins has been reviewed by Otter <1932). who states that 



o50 


PHyU\yf ECH/.\’ODEK.\fATA 


boj ing is a protection against waves and therefore is limited to localities 
subject to excessive wave action. After reviewing all the evidence Otter 
concludes tliat boring is accomplished b}' a rotary action of the spines, 
widening an already existing depression, while the teeth are probably 
employed in deepening the burrow by a gnawing action. The two 
Echinostnphus species, both small urchins, make smooth cylindrical 
burrows 75 to 100 mm. or more in depth, and the short spines around their 
sides (Fig. 220fi) are said by Mortensen (Monogr.) to be an adaptation 
to the boring habit. When undisturbed the Echinosirepkus sits at the 
entrance to the burrow but when disturbed drops to the bottom of the 
hole and cannot be dislodged (11. L. Clark, 1921). All doubt of the 
al>ility of urchins to bore into hard materials is dispelled by the recent 
finding (Irwin, 1953) of extensive damage to steel pilings on the coast of 
California by the boring aolivities of Strong^!, pur pur (U us, numbers of 
w'hich w'ore found nestling in the concavities they had made in the 
steel. 

not her type of adaptation to wave action is seen in the cchinoraetrid 
genus Cohboccnlrofus, said by Mortensen (Monogr.) to be the most highly 
speciullsed of all regular urchins. The flattened or concave oral surface, 
provided with especially large, strong podia and fringed at the ambitus 
by a circle of broad flat spines, acts like a sucker, enabling the animal to 
adhere tightly to rocks subjcH't to powerful wave action, while the short, 
flat •topped spines that cover the ahoral surface (Fig. 178C) break the 
force of the n'a\’es. 

Kegnlar cchinoids move by means of their podia or their spines or by 
a combination of both. ^V^t^cal surfaces are climbed solely by thr 
adhesive power of the terminal disks of the podia. Podia) locomotion 
was given as 22 mm. per minute in .Irtacw pu/icluhla, increasing to 35 ^ 

to 40 mm. if hurried (II. W. Jackson, I939>: as 150 mm. per miiaito in 
Echinus (Romanes and Ewart, 1881). Locomotion on the spine tips is 
much more rapid, e.g., 5 to 7 cm. per 2 seconds in Centro8tephanui> 
hngispinus (von Uexkxill, lOOOa). Romanes and Ewart (1881) snd 
Clemmill (1912) noted that Echimts out of water can progress by use of 
the lantern; Che teeth are dug into the substratum, the animal erects 
Itself on the closed teeth, and, pushing with (he teeth and spines, fall* 
forward, thus advancing by a scries of lurches. Regular urchins mo''e 
with any ray forward and can reverse (heir direction without turning 
around. In a study of the locomotion of Lt/fechinus variegatus, Parker ^ 
(1936) noted an extremely slight preference for locomotion with Lov^ns 
ray III forward when the podia were in u.se but not when the spines were 
employed; however, (ho axis of forward locomotion was frequenti} 
changed. The echinometrid Anthocidaris emssispina usually (but not 
invariably) has much shorter spines on one side of (he body and when 
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climbing vertical surfaces keeps the short spines directed down (Onoda, 
1933) ; this species also shows a tendency to move with Lovdn’s ray III 
directed fon>'ard. although Mortensen (Mon<^r.) notes that the area of 
short spines does not necessarily correspond with this ray. 

Regular urchins right themselves when place<I on the al>oraI surface; 
this Is done by attaching suitable podia, which thereupon shorten, 
pulling the test first into a vertical position and then slowly lowering it 
with more ami more peylia finding altachment (Romanes and Ewart, 
1881). These authors also reported that vertical halves and even a 
meridional fifth would right, Kleitrnan I IDII i gave tin* time of righting 
of }4ijt(cki7iu6 varirgntui as to 2 minutes at m(*derate tcmpcjatures; 
this species would right repeatedly without slnoving fatigue, Echinus ^ 
forced to attach to a vertical surface hy its uhoral pmlia, generally rights 
by rotating downward and ohiicjuely, gradually turning over as it goes 
(Romanes and Ewart. 1881 ). The right hjg n'uclion is \\M in abeyance 
if an urchin placed on it.s nl»oral xirface is n)tjiie<l in a vertical plane 
(Romanes, 1883). 

In general the regular erhinoids an* negative to light and tend to 
retreat into shaded areas or r(*tire under olg<Tts. Many have the habit 
nf covering the alx^ral surface with pieces of filaiits. shells, small stones, 
and other obje^'ts, held on by the psiia. and it is generally belie v<'d that 


proloetion from liglii is the object of this behavior rather than concenl- 
fnent from criomies. Duboi.s (1013) repor1<*<l (hat /'. h'vuiu.i, exposed to 
strong light in an afpiarium, would cover ilwlf with disks provided, 
placing them at right angles to the incident rays; transpnrx'nt disks migljt 
he utilized but would Ik* r<*plaeod later by oiKurue ones. A fairly definite 
negative respcnise to light is given by some species. Thus Arbacia 
H)0f); Holmes, when exposed to a bright light, waves its 

spines utul feet vigorously but aimlessly at fii^st. Soon the spines on tin* 
• uminated side stop in a loweriM stale, lluise of the oppasile side erect, 
hose of the sides }>egin to move against the bottom like oars, the podia of 
he illuminated side retract, those of the opposite side stretch out, and the 
nnhin moves away from the light into a shaded area. In addition to the 
kwral negativity to strong light, some species give a definite spine 
*'r‘sp<jtise to sudden Increases and decreases of illumination. The shadow 
response to sudden or con.siderable decrease of illumination 
jonsists in the erection of the spines and is clearly a defense reaction. 

hy Ccrilrostephanus longtspinua (von Ecxkull, 1896b), Arbacia 
(Mangold, 1909). .IriwrjVj puuclulata (Holmes, 1012), species of 
(von Uexkiill, lOOOb; Millott. 1950), and no doubt other 
ia reaction appears to be the most precise in Diadcma 

!*had ^he spines converge and point toward the object casting the 

^w. and the reaction is given to any decrease, without the necessity 
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of a sharp shadow. The lateijt period for the shadow reflex is about 
1 second for Diadcma anlillarum (Millott, 1950), even less (0.6 to 0.7 
second) in Cenlroslephanu^ hngispinus (von ('exlcUll, 18906), which 
altoRethor is one of the most sensitive and reactive urchins. The shadow 
reflex is given hy Isolated pi<v<*s of shell if fhe.so contain a radial nerve 
and its branches to the spines, hut the presence of the nerve ring is not 
necessary. According lo .MKIott the receptors for the shadow reflex arc 
located on the surface of the test, e.specially along the amhularra, and 
not on the spines themselves. The role playcfl in this reaction hy the 
eyes of duulematuls has not Imhui tested, hut it U evident that the e 3 'es 
are not rieee.ssary for the response. 'I 'he foregoijjg specic.s also respond 
to sudden M luminal ion by spine enn'lion or pointing of the spines townid 
the cllreetlon of lllumijmllon. This reaction is also given by Isolated 
pieces of test, and the pre.se n<*o of the radial nerve is not necessary for the 
response. Tims the shadow reflex is medial ( hI hy the radial nerves, 
wherea.s the reaction lo lricrea.M*<l ilinmi nation is mediated hy thesu!>* 
epidermal nerve net on the ex ten ml surface of the test. 

Uesp()nsr> of regular nrclifns to mechuulcal and chemical stimulation 
have been clc.s<*rihe<l by Romanes and Kwart (1881 >. von rexkull (I89tla, 
I8l)()b, lli(K)a). and lloirne.s In general, any weak or moderate 

mei'hanieal xtimnlaiioii of spiric.^ or the test surface evokes a clefeiist* 
rea<*liou: adjacent .opines point to the sllmulatwl spot. 'I'he sprc‘ari of 
this reaction varies with the .'Strength at ihe reaction hut is limlbd, and 
the s])ines soon swing back lo the normal position. St ro/igcr or longer 
or repeat efl Intermittent .stimuli may cause the spines to “freeze’' for 
some time In (he defense posllion. and during this iHuiocI other stimali 
are inelTcctive. In !)iadvmn antilhrum and no doubt other diadcma t ids, 
the long pc»isonous uborul spines bunch together and point tc»any source 
of disttirbaiK*!*, The spines of lhedia<lematul 

are e.specialkv sensitive and give the defense reaction to weak mechanical 
sfimulallon with a Intent pernKl of only 0.2 lo si'cond, li» this 
iirchin mechanical or other.Mlniulathni evokes rotalhm of the .diort a born I 


rotating spines if they arc* a I rest, or c*ause> them to rotate faster If in 
motion. Strong mcchunical .stimulation may cause* the spines of rcgnlar 
urchins to point away from the stlmulatcHl spot, thus pcrnillling (Ih* 
pcdicollariao to come into action. 

Not much information is available ivgarding ivspoiiM* to chemical 
stimulation, and such rcspon.st* \s not as dWinhe f»ras n*gularly obtained 
from different species as is respon.si* to meehaincal siimnlalion. \\eak 
chemical stimulation ma^* evoke pointing of the spines to the place of 
application, stronger .solutions, a pointing away. .\ecord(i>g to von 
I'exkull. caffein is a particularly efTeclive chemical ageiit nut\ cvokc^ 
pointing away of tlic spines in all eoiK*<»iilralJoiis- I’hicing of ui chins ni 
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sea water to which weak chemicals as acids ba\'e l>een added causes 
intense activity of all the spines. 

It is evident that the spines in general c<)n-.t ituic* the defense mceha- 
nism of the animal; the spines are erwtcnl or |*<»irit(Hl toward a source of 
disturbance. In ease of .siiffieieni tliMurbaih-f tlx* :ij»rmal r<*aets In- 
flight, in which spines and poflia emuxlinate to curry it away from the 
source of danger. 


Some .species of regular urchins ure delinftely negative to gravity. 
*'iipoc[a][y Pmmmtrhmiifi wf/iorfx iHolin. [U-jv,-, J.jmlali) iind ItuiiiiNl rbm, 
1929), which will ^•^^ml> I fie walls of a^iuunsi and ax enci a filate, 

even If held at an angle f»f only 15 ilegrccs, nwcrsirig if tin* jduleis n* versed. 
Diailema afitiUanini is nlau) iu*gjilivc|y gcotacllc (Parker, 1!)22 j. 

Kegular urchins in general feeil l)y iiuivirig on top of the i'ochI, h«»lding 
it with spines and porlia and chewing it into liii^ with the lantern. If 
food falls on the afannl surface, it is pu'.licsl loMaril the njouth by tfie 
coordjnul<*d nelion u| spines an<l ]>iMliu and it> adwnt i> relayisl to the 
mouth and lantern along the nervoiin lr:iei:<; (or the riioudi is directed 
toward the appirMudiing fcasl ajid ojmumsI and closed lepeatedly. while 
the teeth ure repeatnlly thrust out and nilficlrawii (Item!, IlMth, l.ivlng 
food coming in ccmlael with the lirehin is first atlar ked and slupifled 
the pediccllariae. ami ihex* also act t<» Indd <in to loud, Milligan 
HU ha/ has reported the India vior of hungry acjuariinii s|ierin»ens of 
i mmmerhirni^i niHwris. The focal f algal fronds » is deles led at a eon- 
eiuble distance, and the urchin Indicates sik Ii <lctection by (^Mendi/ig 
uta Waving the podia on the shle nearest the food. It then rnovis 
t iiwtly l{)W'ard the fruKl from «lisianccs up i<i It) iijclic.s, rlainlicring over 
o»<taclcs in the path, protnnling the li]> and opening and closing the 
An urchin that was 21 ijwh<*s from the foeal started for it iti a 
^oiindubout path, but Jifter getting within 15 inches took a straight 
course toward it. \Mic*ri a hiineli of algal frcMals was suspended in the 
out of reach of hungry ur« hins. thev wmdd f laJiilxT up rocks 
the fo<Hl, stix*(chitig onl theur pcnlm toward it. I rehins might 
M|Uire 2 or 3 weeks to chew up a lunnh of M^uw^wds a ml would remain 
Ihe same spot during the prmess. 

'^‘K'tlnr urchins has been a.s<‘ertarnecJ by a niitnher ot 
ni.<ligarf,|>, c'hietly by examining the content.^ of the digestive Uact. 

<• ayinlahle information to dale, together with a detaiUsl account of his 
that Jnatter. is given by ICichelbaum ( IfHOj, It appears 

“111 "* * ^*”*^ " **^ *'‘*^ alm*i.st anything, hut some fend toa carnivorous, 

will^*^ ^ her hi von His, diet, alllioiigli in lack of prefernHl items they 
t material, and in fad act as general scavengers. 

^'^rtdvorou.s tastes can cuptuiv live atiimaK if these arc 
01 \orv sluggish, hut usually ifiey subsist abundantly on se-v^ile 
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and encrusting organisms such as hydroids* bryozoans, barnacles, 
sponges, tubicolous polychaetes, and the like, Such organisms are 
choNved up, shells and all, and in fact the teeth appear able to cope w'ith 
any sort of shelly material. Psammcchinm miHari$ appears to be 
mainly cai'iiivormis, eating chiefly, according to Eichelbaum, hy droids 
jukI tubicolous polyehactcs. se<'Ondarily other animals and detritus; 
Milligan (lOlba/, keeping thi.s speete?{ in an atjuarium for 3 years, saw it 
eat ascldians. dead flsh, fish eggs, raw heef. onistaceans, barnacles, 
(lead c rails, crustacean legs, soft parts of mollusks, snail egg.s, bryozoans, 
tub<* worms, fiydi*oids, sponges, seawoed-s. and coralline algae, as well as 
all sorts of empty shells and oxoskeletons, Echinus cscuhntut is another 
carnivorouH s|K“cics. eatijig mainly other animals, as tube worms, echino* 
derms, crusta<'eans, and hydroids. Echinus acutus was found by Elchcl- 
l)aum to feed mainly on crustaeoans and mollusks. Cidaroids and 
diademallds also have earnivorous habits (Mortensen, Monogr.). 
(’idavolds tend to eat animals with hard exoskeieton, as bryozoans, 
mollusks, serpulids, and foraminiferans, which they crush with their 
powerful teeth, and diademalids, living mostly among coral reefs, 
lirowse oJT corals and their ine rusting organisms. Arbacia punciulata 
and S(ron{ji/l. droftochiensis and purpunifus are example's of herbivorous 
ureliins. 'fhe first eats mostly plant material, but also animal corpses, 
ami was okserved to catch small weakened flsh. holding them against 
the ac|unrium walls with .spines and pm I in while chewing them up with 
it.9 teeth {Parker, 1P32>. The f(MKl haliii.s of .S'. Hrofnichicnsis seem to 
vary with bnuility: in Puget Sound it eats mostly seaweixls and resorts to 
animal mati'riul only when plant material k not available (Weese, IPiO); 
also on the ea.stern Canadian eoast this siH»cjes eats mainly seaweeds and 
similar material sera pent from roek.s plus flsh refuse from adjacent 
cnnneiios (Dawson. lRt>8»: but Kichelliaiim’s -specimens from the Baltic 
contained chiefly ilialoms. tube worm.s, and hydroids, with s«maller 
fpiantltics of other animals. Strongpi. purpuratus in nature feeds on 
algae and other plants but in the laboratory would eat fresb and cooked 
vegetables, boiled eggs, fruit, and meal (Lasker and (5 lose, Spfiacr- 

echinus granulans \n herbivorous, scraping algae and other material from 
rocks (Krnmbach. 1914), .Many regular urchins are scavengers and will 
ga t 1 j c r i 1 1 n n m I wn s ( o feed on d ead fish o r ot her a n I ma I corpses . They ca n 
also capture weakened or sluggish animals by fasteriijig the terminal disks 
of the po<lia to their biMlies and drawing them within reach of the teeth. 

In this way the crustacean Squi/ia was capturo<l by inrhins in the same 
aquarium (Dolirti. 1375). I'rchins may he able to extract live snails 
from their shells (Milligan, 19l(ia). I)<*ep-water forms, as the Ecliino- 
thuriidac and Aspidodiadematidae, necessarily feed chiefl}' on the bottom 
ooze. 
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The spatangoids and cl^'poaslroids differ alt<^ciher in their habits 
from the regular urchins. They live buried in sandy bottoms and no 
doubt their many poculiarilies of structure are correlated with this habit- 
Xot only are these animals organized morphologicuDy witli respect to an 
sntcroDosterior axis but also pliy.siologically. They move with the 
anterior end forwaixl (and this is true also of >an<l dollars that have a 
circular outline) ami they are unable to move with any other ray forward 
or to progress backward. Spatangoiils such as Erhiuo^'ardium cordalum 
and Jiaxesrens and )>Hrpurvtns d vs oil in cavities in (hr sand 

connected by a canal with a surface hole which bet ray. s the j>res<*nce of 
the atiimal. E, eordutum lives jn^vcral Inches behm the surface (Hobert- 
8on, 1871; Cui'not. nM2i, svhereas E. Jltini^ius may stay cliwc to the 
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surface with its tuft of long a bora I spines proji'<'litig from the hole 
(v.andolh-Hornyold, mO, 1913. Mg. 238). The walls of the burrow and 
<«‘anal arc plastered with mucus secreted by the mucous glands of the 
spines and thus ixjtain their shape, so that they do not touch the animal 
®n( sand docs not fall upon it. If the spatujjgold is placed on the 
”‘n acc of the sand, it cre<'ts itself on its oral spines and begins to throw 
sand sidewise fiy means of Its curved lateral spines, burying itself 
^ minutes. If thew* lateral spines are removed, the animal cannot 
mrrow. riie large, strong spines of the plastron do not participate in 
nrovMiig l,ut ki.q, up a water circulation through the burrow by 
^ I ng mo vc*m cuts. The f<'<*<li n g ha b i is of spa t a u golds, so f a r as observed , 
CXI penclllate podia of the phyII(Mlos, which are very 

term‘d* out through the surface hole and with widely opened 

pariiT explore the sand surface, picking up small food 

the / adhesive .secretion. They then retract and <lc liver 

particles to the spines of the upper lip and labrum that direct 
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(licm In tfic nioulh, Kic*hc‘IUauni (IIUQ) reported that the digestive 
troot of several spatanpoitls examined (&\ rordainm, S. JiavescenSy Spa- 
lanf/nf: piirpn/rug, Brigsepsig If/nfrra, SchizasUr /ragilig) was invariably 
stnih'd with ))c)liom material, eoiUaiiiine an abundance of diatoms and 
fnraininiferans, as well as f ragmen ts of worms, code nt crates, moilusks, 
and eehiiKMlerms. I.afcm (I0o3), studying sandy areas on the Channel 
coast of Fninee. found the digestive tract of E, cordatum filled with 
bottom material, extremely po<ir in organie contents : and, similarl}', 
iKc anthor noterl tliat .l/co/wn irtifn'roM in the Bahamas ingests nothing 
1)11 1 coral ^and. very low in nutritive value. It would appear that these 
Large K|>:ilung<iids must suksisi on very scajUy fare. 

Saiul <lollar.H live l)uric(l direc tly iti the sand, clo.se under the surface. 
'yUvy always move with l.ov^^nV ray III forwaixl. chiefly or wholly by 
I lie si)iacs, which in AV7fiVirjnic//nfMa p4!rnto are longeM along the antcrioi 
edge and dc. reuM' in length posteriorly. In u study of the activities of 
this sand <lullar. Parker ( 11^27 1 and I'arkor and \un Alstync 
found that thi* animal huri<^ itself by piling up .sand into a mound in 
front of itself by means of the* pcMiia, then shoving itself into this mound 
witli the ^l)inc►s whili* the pislla continue to cover it with sand. The 
lairying f>rtM‘css requires about 15 to 20 minutes. The animal may 
cnnliiuic to move abtnit under the .*<niid or come to a stop. It will also 
move about on lof) of the sand at a maximum rate of 18 mm. per minute. 
On meeting an olistaele. the animal will rotate on its orul-aboral axis and 
start off in another <llreetioM, Ecfii/utrrhniug eati right itself, in an hour 
or so, whet I f)uri(sl oral side up, or in several hours when placed oral side 
np on the top of the sand. In righting. I ho animal by means of its spines 
works Its anterior tnlge into the sand and gradually erects itself into a 
vertical jjnsilion, from which it falls over into the normal orientolion. 
F«>] lowing the uhlation of the sphacridia, the animals are usually able 
to right themselves, but the reaction is much slowed and less efficient ly 
aet'omplislied. The Baeifie sand dollar, i)^ ml raster exccfUrteus. lies 
bnrie<l in an oblique or nearly vertical pasition with (he anterior edge 
down and (he posterior thini protrmling iH, L, Clark, 1901; Bieketts 
niul (’ulvin. : it leans away from a current at an angle that is similar 
thrnughont the bed. On suitable .ciihI flats this sjMS'ies may occur in 
enormous numbers. 

Some information on the activities of keyhole seutcHids has been 
furnished by (Toxier (I920i, IkcnJa 119111, and Kenk il94«l). The 
.1/efhVa with six luiiules lives at Bermuda burled in the sand, preferably 
in the path of tidal currents, and dig^ de<*iK»r in stormy weather. It 
buries itself by rotating the test from side to side, and thus slides itself 
under the sand in about 15 miufile.s. aido<l by the action of spines and 
po/lia. In the West Indies the five-lunuled Mclh'fa lies buried in a 
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slightly ablu|uc position vs'ith (lie post on or oJgo ovpoMn] uiui uiay movo 
continuously thiougli the snml at a rate of 11 lo mm. por minute. 
If put on top of the sand in the norma] oriontutioi^ it ^^iruply advances 
into the sand, disappearing in 1 to i miniite.v A<'eording to Kenk, thks 
species cannot right, but the hiveriHl pci>ihon is unstable and waves soon 
turn the animal over, ikedu is of the opiniiMi that the hoiules are 
esst'ut ia ) i n b u rrowi n g a i id rigi 1 1 i i ig of . I itiff ft* u » m a nni. I n h u vi^on' i n g , 
this sand dollar takes a slanting piniilon and bnnes itself in 10 minutes 
by driving sand through the uritcni<n lurll|le.^ (hriMigli the aiUion of tin* 
large spines hojxleriiig the lunule.^. If plaei^tJ on its Juick, it will right 
itself in about 3 hours. IWaii.M* t»f it** >liape. (he tot .slant s f<irvsard» 
sand is driven through the unlerhn luiiule,> and jhles up heliitid the 
animal, gradually raising the li*Nt into a verlieal pn«.iii(Hi, whereu|>on it 
fulls over. Burying i» greatly <leluy<sl il ihe luiiulev are lilled with soft 
purutfln. and the animal cuiinot right ii.^df if (he huge spines bordering 
the lunules are also removed. 

Iriformutiou on the feeding t>eliaMor ol '>and dollars is scanty. The 
.Mnc( unities stale (hat mueou> slramK in wfin h tiny j)artiele.>« 

uiid organisms are en(mppe<l are eamcnl by ciliary currents into ihe 
furrows ol the oral surface and soiiilo lie* mouth, (iisleii (1921) rejiorleil 
•hut the intestine of the .Japanese sarnl <hilliir, .^.v^rfW'//>rux manni, 
coniuinctl sand grains, bit.s of plants, detritus, diatoms, fotamiiiifcratis, 
•my copeptKls, llagellates. lolifers, annelid and ncurid l>i'istles, and bits of 
>»iphonophojes. 


A few uix'hins are known lo change color with i'(*f(*rence (o light 
^‘uriditious. Arlxiciu Uxuh is black in <layligh(, brown in the dark (von 
f oxkUll, I8})()h; Kleiuholz. UW8(. an<l this change occurs in about an 
h^air, Parker (U)3 1 ) could not Hnd any color <*harige in Ar6aaa piinciulala 
with alterations of light coriili lions, Color <*hango is most marked 
tirnoag the diademutids. Crntro.'sUphanNn lfmtjtiffn/iu$ is dark jmrple 
ui daylight, but after even half an hour In the dark becomes light grey 
^voii rexkhll, I8ij(ihi. This result was vcrihwl by KIcinholz (1938b who 
found that isolated tnlx* fwt. luouriish ix-d in the light, turn pinki.sh 
" several hours in darkm*ss. Voung Diatlcma antilfarum are 

hluck by day or in strong lighi but in darkness turn pule gray 
'll to <10 minutes and show a brilliant while star with irklescent blue 
ge'< encircling the peri|)r<«*t and extending along the interamhulacra 
J die ambitus (Millott. 1930. l9o2b This reaction is given by small 
fact**' M ^ ^ S4 rap(Hl clean of (issue on the coclomic side. In 

a/. • observers agrw (hat the color changes of ochinoids 

ofV K of the nervous system and ix*suU from a direct action 

iu 11^/ chromatophorx*s which cxjMind their spidery piO(;esses 

Kit and contract to l>alls in darkness. In Diadema contraction of 
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(lu black rhroniatopliorcs expasos uliite chromatophores (iridophores), 
and diffracl.oa of light by these is mainly responsible for the blue spots 
and Mnpos seen in this genus i.mler certain conditions (Millott, 1953sl. 
The blue pauern ..oriespon.ls to the distribution of the iridophores, and 
Milloit IS therefore of the opinion that the blue spots are not of the 
nature of photmceepiors and are not of taxonomic importance. The 
< oloi ehauge uf Diadi mn m/,llan,m is exhibits only by young specimens, 
di.sappeaiii,E as the animal ages, and shotvs a daily rhythmicity in young 
animals even when these arc kept in total darknes.s. 

30. Physiology. The physiology,- of .spines, perlieellariae, and podia 
has heen investigated hy Komnnes and I-lwarl 1 1881 ). Homancs ( 188 , 
and espeeially von rexkiill (18!Nia. IgOtih. ifltlOai. It will he rceailed 
Unit each spine is opemt.sl hy a double mu.sele circlet (Fig. 187.1) of 
«hich the inner eirclet arts as a eog miis<-ulaHire that serves to "lock" 
the spine in a certain .state of tone (tension). It is this cog mnsculaturc 
-liul keeps the .spines in their typical .state of erection at approximately 
right angle.s to the surface of the test. If uiehins are anesihetisod, as by 
earhon .lioxi.ie the spin,,, fall fb,,.idly against the test. The action of 
the cog museulaliire can Ire demonstral.sl hv placing the finger on the 
tip of a spine and attempting to move the spine; one then finds that the 
.s|mie is iinmoviihle, as the stimulus has hroiight the eog miisciilultiie into 
aeiion and thus set the spine in a given piwiiion. If one now slimulnlcs 
t le ndjaeent test surface, the spine heeomes freelv moviible, as the cog 
mu.sculature is now inhilriterl. Thus any stimulus evoking spine move- 
meiits must first iiiliihit the eog musculature. Iloivover, the spines of 
( ciilro^trphni.ns lom,hpinus are so sensitive that any touch upon them 
linds them freely movalile: this is perliajrs only another way of saying that 
the inhilmion of normal tension is very rapid. Jarring the urchin is 
another way of bringing the eog musculature into action and setting 
the spinos into a fixwl p(>>itioii tcmponinly. Typica! spine j'eactions, 
erection, or pointing toward or away from the source of stimulation are 
given by «pine.s on isolatcnl pieces of tost that have been cleaned of ail 
tissue on the coelomic .surfac‘o. This proves that the stimulus to ojxlinary 
spine reactions is transmitted (hrmjgh the Mibepiclcrmal nerve net on the 
external surface of (he (e&t. This may alwi be deinoiisl rated by making 
a circular cut through the surface tissues down to the colcaieous plates 
of the test: the spines enclosed by (his cut will respond to a stimulus 
applied within the circle but not to one applied outside it. A stimulus w 
also will generally not be transmitted around (he end of a short straight 
cut through the surface tissues (Romanes and Ewart, 1S81>; but in the 
very sensitive Ccntroslcphanus this docs happen (von I'exkull. lOOOa). 

In such case, however, the spine does not point toward the stimulated 
spot but to wal'd the end of cut around which the stimulus reaches the 
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spine. In short, the rule 5 eein 3 to be that a spine points toward the 
direction from which the stimulus reaches it througlj the nerve network, 
and therefore adjacent spinc.s all point in the same direction. In case 
of spines pointing away from a incus of stimulation as to a chemical, the 
atiraulus may be transmitted by the descending spines striking against 
those farther out that are still erect, and hence this kind of reaction may 
be transmitUHl across a cut. The general bending of spines seems to 
occur more readily in tin* oral than in the aboral direction, (ieneral 
rear tlon.s involving all the spines as hwnmoiioii are not alT('cted by cuts 
through the snbepidermal nctuork. an<( hence are mc*diated by way of 
the rail ill I nerves. Thus If ifie area iivntiotKHl above whieli is isolated 
hy a circular cut is sudicjeiill)’ slimnlaietl, all of the spines come 
into action and the animal move.s away, One may say that the .spines 
operate entirely by way of the .Mibepi<h*rmal network to ordinary stimuli, 
hut if the sitnatiim apiwars threatening, the radial nerves enter the 


pjeturo, all c»f the sjHnes are br<mglil into er>ordinated art ion, and the 
animal retreats. 

Iiiformalion eoiu'erning the ladiavior of pedicellariue comes almost 
entirely from the well-known article l>y von r<'xkuii although 

Ihimuiies and Dwart {ISHh eoritribntisl Mime ob.servations. The pedi- 
f’clluriao are highly laclepcuident Mruelnre.s, operating by way of the 
nervous Him in tlieir Imse and tlie nervous lisMie within (heir stalk and 
I he tiidentute und ophioeephahuis pedicellariue act to bite 
n>jeets (hat. come within their reach. The former respond the most 
lapidly addui'tor museles contain stria ( chI fibers, hut soon open, 

" icieiis the ophiocephalous p<*<licelluriao hang on more tenaciously when 
naed, Both respond positively too weak stimulus, and thy ophioeephal- 
ps typo is also pewitive to a stronger stimulus whereas the truleritatea 
end away. On an isolated piece of test (he iridentates are found swing- 
about with open jaws. A slight jarring causes all of them to close, 
•gilt touch on the inner surface of (he jaws evokes instant closure; 
a rokmg the outer surface causes the jaws to open. These reactions 
^ceui in isolated tridentates. Chemicals brought near the trident ate 
n opliiocophalous tyjM^s cause them to snap st'veral times and render 
I'jn Jiisenhitivc; to simuhiiiiwus mechanical stimulation. In the normal 
ri ini these two typc.s of pedieellariac act as defense weapons and also 
umJ^ <*>iptnring live food by hanging onto the hairs of crustaceans, 
III*’ Irifolinle pedicellariae ha%'e a cleansing function, and 

^0^*^ K activity consists in mouthing over the test surface and 

the? remove small particles. Larger particles are moved off 

come ^ y “‘e spines, but if fine material falls upon the lest the trl foliates 
80 th Tt? spreading it out thinly or biting it into smaller particles 

^ ic cilia of the epidermis can remove it. Isolated (rifoliates are 
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nut very reactive and remain for some lime closed and motionless; but 
if they finally open, a mechanical or chemical stimulus evokes closure. 
In non(M)f the foregoing three types is there any evidence of the existence 
')f definite receptors snch as occur on the globiferous pedicollariae in the 
form of sensory hillcv^ks (Fig. 188.1 k 

I he glohifenms i>e<licellariae are weapons of defense; whereas the 
Irulontate and ophiocepliulous types draw uway from siifficienlly strong 
stimuli, the glnf)jf crons forms rt*acf positively, viciously attacking 
iinruderx. .\s already noted, the spines also Iwnd away from such 
stimuli, allowing the glohiferons iwlieellunae free play. Their toxic 
Idle u.sually succeeds in driving away a foe. even a starfish; h\it as the 
heads easily «letach and remain In the foe. the starfish by repeated attacks 
may exhauNt the sni)ply of globiferous petlicellariae of the urchin, which 
then falls prey lo the enemy. Battles of this kind between starfish and 
urchin have been witnessed by Prouho {\S\KH and von rexkull. The 
negative reaetlon of the spines lo such .stimuli is wanting in the case of 
urchins such as ArtMiria which lack globiferous ptsiicellariae. The use 
ol the glohifemiis pislicelluriae is generally followed by flight, so that the 
sanu' stimulus successively hrings into play withdiawa) of the spines, 
action of the globiferous p<'dieellartao, and extension of the podiu away 
from the .source of stimulation. 

Isolated globiferous iM'dic*ellarine nsuall.v remain open or can bccaujjcd 
to open by llgliilv stroking the tip or the outer sin'facc*. Any touc'h on 
thi* sensory liillcK^ks evc)kes widew opening, but if elicmiicui slimiilaHon is 
.sImullanc'ouBly applhsl. as a grain of salt or a starfish podium, closure 
occurs. Following such e hem lea I sthnulatlon of the test surface, the 
globiferous pediccllarlae bite at mechanical objecds of stimulation but do 
not eject their poison. The ejection of the poison is relatively inde- 
pendent of jaw riewure. I)ut follows if the jaws close upon a source of 
chemical stimulation, as the pcKlia of a starfish. The emission of the 
toxin can he evoked without jaw closure by laying a bit of ehemical on 
rlio opened jaws. Appaj'cntly the globiferous jH'dicellariae must first 
be sonsituecl by chemical .stimulation before they will react by closure to 
meedia ideal stimulation. 

The toxin is of inikncnvn nature but act.s by paralyxiiig small animals. 
Fxtia<*ts of all four types of pcHlicellariae are lux ic to small animals, such 
ascrab.'j. fish, or lizards, when 'njecl<‘d. hut frogs and other cchinoilcrnis are 
more or less immune fllejiri and Kayalof. lUOfi; Peres. IDoO). Paralysis ^ 
immediately follows injection, and death geuerall.v ensues in one-half 
lo several hours. .Ml hough the extract of the globifenius pedicollariae 
is the most effective, the other types are also toxic, as are in a lesser 
degree the body finid.s and the axial gland (Pere.s. Fujb'**'**"*^ 

(193o1 reporfe<l that the bites of seven or eight podicellariac of loro- 
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piUolufi into hU fm^cr i-vitkal acvon^ pain. fo)lo\ve<l lator by 
dizziness, *ome facial paralysis, and difficulty of respiration. 

The functions of the sphuerblin have injt Jh^co defnntcly ascertained. 
The negative geolrcipism of Piutmtmi'himiA miltnriH continues after 
ablation of the sphaerulin. ulifioijgli .“ome individuals may show dis- 
turbance of this reaction and the general l<»ne of the ajumal appears 
upset (Ho)in. 1020). Delage t lt>02' nofnl that uiN'Iiins would cojjtlnue 
to climb after ablation of tin* s|)h:icridia. but the right ing reaction was 
Krenlly slowed, scf'rningly from a lack of c»M)r<linati<jn among the podia. 

As might he Inferred from their innervation, the (xslia are iipcrated by 
the rfldial tierves in rojnmse to surtax • .stimulation. Weak mechanical 
stimulation evaike.s strt*tcJiing mil of the piHJia. Mnniger slimuintion, 
their retraction, .birring of ific urchin cuum*s the [nnhu to adfiere so 
lightly that they tvlll he lorn olT rut her llniii n'leax* tlieir hold. Weak 
chemical stimulaticin. as niifi nci<i. ev<»k<'s ri'lractioii of the podia, 
extension uf the ojjposite ones, nud a rmiving away from tin* source of 
stimulation. The pislia are aUo ernploy^tl a-s bnders, being stretchc'd 
ill the direction of advance to test Ihe environm<'ril. 

No cviilem e of paiii<*ipation of I lie nerve ring fri urchin behavior 
“bpears m the foregoing aceount. Ihuiiaric^s and bAvarl \ ]HH\ • divided 
un iitis at the ambitus into oral and ahorul halves tlial were freetl of 
linclutljrig. one suppo?.e>. the Innieni arid nerve ring, allliough 
Is riot clearly stated) arid rc*poit<sf that sijrdi halves would live for 
"ume I lino and move about, giving normal re.sporises of spines, pmlia, and 
|ss h ollariao. KoHowing a crr<'ular <*ut iri the |K*ristome, i.solaling the 
iur\< ij|||^ trorn eornrnuuicutioij with the tesi, the pwlin can .stiil be 
piotiuried and will adhere, anehoriug the urchin. The animal can move 
>out but doe.s not show determinate advance, constantly changing 
f‘tiou and often rotating in one .sjwl : it can also climb, but in u weak- 
mftui,<.|. outstanding efTwl of the ojxwalion is the loss of 

muted movrmient as a whole. The aiiimaf is incapable of flight, as 
Injurious stimulus it will move indifferently in any 
uii?m*i* "i ^ ' Inwurd the source of injury, .Most of such operated 
usu r ^ ^ although some may. While the spines show their 

the\rT recover so that they will bristle up over 

fiuicf*^' * ‘‘nimal in re.vpon.st* to a strong stimulus, their locomotory 
their P^'tmunently dostroyiM, Iwcausc of a lack of coordination ii> 
the , Vr>ri rexkull (UK)0hi and Bolin (lt)26) also found that 

external apjxuidages can l>c elicited after des- 
iriHoiiv * ^ II Huinial is in general immobilized and 

inov^ ^'•Imes fHilO; indicates that .lr6oriVx puncluhla will conliiiue 
sh<> nerve ring is sect ion cmI in several places but docs 

w negative phototaxis. In genera), the reactions of the animal 
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as a whole, such as directed advance and flight response, are obliterated 
in the absence of the ncr\'e ring, from a Jack of coordination among the 
locomotory appendages. The pedicellariae are wholly unaffected by 
destruction of the nerve ring. 

The surface ciliary currents of echinoids are reported by Gisl^n 
(1924). In regular urchins these currents run toward the mouth, in 
general. In the sand dollar Echinocyamus pusillu^y the aborai surface 
cilia tes toward the edge, the oral surface toward the mouth. The ciliary 
currents of spatangoids in general run tovvajyi the margin, and particles 
of mud gather in the fascioles where tliey are glued together by mucous 
see rot ion and theu plastered onto the burrow walls by the pen ici Hate 
podia ami spine tufts. 

Avallal>Ie information about the chemical composition of echinoids 
has )H*en a.vH‘ml)led by Vinogradov (l9o3). .Meyer (1914) anaiy 2 c<i 
Echinui cscnlcntus and found 73.5 per cent water; the dry substance was 
composed of 8.37 per cent protein. 7.11 per cent carbohydrate, 0.68 per 
cent fat, and 83.31 per cent ash, most of which of course is the colciuni 
carbonate of the skeleton. The same author gave the following figures 
for >^pn(nngHs purpurcur. o,^.01 per cent water, and 44,90 per cent dr.v 
substance, eoiwisting of 0,07 per cent protein, J,C2 per cent fat, 0,64 per 
cent enrliohyclrute, and 78..^ per cent ash. It would appear that tlie 
skeleton foims a much larger proportion of the fresh weight in the heart 
urchin than In the regular urchin. The calcium carbonate of the skeleton 
is in the form of calcite. as in all eciiinodcrms. A tabulation of the 
available analyses in Vinogradov, mastly from Clarke and Wheeler 
( 1922), shows the skeleton to consist of 83 to 95 per cent calcium carbon- 
ate, 3 to 14 per cent magnesium carbonate, and small quantities of 
phosphate, alurninate, and calcium sulphate and other forms of sulphur. 
The composition of the spines, lantern, and test is not identical; the 
test is highest in magnesium carbonate. The spines consist of crystals of 
calcite arranged parallel so as to give the Impression of one large crystal 
(Cairido and Blanco, I9^7). Traces of the following elements have 
also been found in echinoids: iron, manganese, strontium, barium, copper, 
zinc (Phillips. 1922; Webb, 1037). 

Much interest has been shown by bicx'hemUts in the pigments of 
urchins. The red or purple pigments common In many regular u rein us. 
not only in the spines and lest but also in the podia, pedicellariae, gonads, 
and coelom ocytes, Indong to the category of naphfho(juinoiics (review * 
in Lederer, 1910). They are divisible into cchfnochromes and spmo- 
chromes, only slightly different chemically, and related to certain ^^ta• 
mins. E chi nochrome was first studied and named by MarMunn (1885; 
in the red coelomocytes of Paracfntrolus Hndus and Echinus escukrtlus- 
Us chemical structure was elucidated hy Kuhn and Walicnfels (1939, 
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239); other chemical studies have been made on these pigments by Ball 
(1036), Lederer and Glaser (1938), Fox and Scheer (1941), and Good- 
win, Lederer, and Musajo (l9ol). They have the general formula 
C itH 8- loO 7~t ■ Ech i noch rom cs an d s pi nodi ro m es a re a ppa ren t ly wa n t i ng 
in irregular urchins (Goodwin and .Sri.siikh. IfCil 1 . The black pigment of 
Diadema antiUanim and no doubt of other black urchlnx is melanin 
(Millott and Jacobson. It).)!. l<».VJa. I0.)2b: .Jaoobson and .Millntt. IDe^l). 
These authors have shown that the melanin comes from the coeloinocytes 



CjMs 

OH 


with colorless spherules. These itIIs or their spherules contain both the 
precursor of tfie melanin and the enzyme (plieiitJasei necessury to 
transform the pri'cnnsor hi to melanin, 'I 'he e<Md<>mo(‘tyes in question 
wander to the epidermis where they deimsil the melanin in the large 
melaiiophores (black plgmejif cells) found ihcTe. The coelomic fluid 
contains an inhifiitor of the transforinutlon pnH'Oss, and (his explains 
the luck of melanin deposition as long as the coolomocyles remain in (he 
‘ nclomic fluid. Some carotenoid pigments o< cur iji Hdiirioids (Lon 11 berg, 
11131, laria; Fox and Scheer. 1911; Fox. 1917; I.ederer, 1938), but in 
quantity than in other e<dniioderm classos. and appear not to con- 
rihuic to surface coloration, barge amounts of carotenoid were found 
U‘ the gojiads of the heart urchin by Goes I win and Srlsukh (19ol) and 
otei mined as a mixture of l>eta carotene, echinenone (provitamin A), 
lutein, Echinenone was first hsoluled from Paracvnlrotus livid us 
^ui( appears widely distributed in marine invertebrates, Small amounts 
? ^^J'uteiioids, including xanthophylls, carotene, and echinenone. were 
'>Mnd hy Tox and Scheer (1911) in all of throe regular urcluns and one 
«and dollar investigated on the California coast- 

phyli^enetic importance is attributed by liergmann 
) ui his studies of sterols to the fact that cholesterol is the principal 
temi of cchinoids and is not fournl in asteroids or holotlmroids. 

. ^ of the coelomic fluid of e<dunnid,s (minus the coelomo- 

sj has been determined by a number of workers, but their jvports 
^^'f?htly. Some as Goddes (1880), Grilliths (1893), Robertson 
j' ^®lc (1910) report the salt content as identical with that of 
Belhc and Berger (1931) found all salts in Echinvs 
” m higher amounts than in sea wat^r, especially potasslurr 
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and calcium, and Parker and Cole (1940), using Strongyl. drebachienm, 
reported more potassium and chloride than in sea water. The presence 
of a trace of protein in the coclomic fluid was asserted by Oeddes (1886), 
Cuenot (18!Hhi, R()lM.rtson (19391, and others, whereas Cohnheim 
(1!I01). Myers (1920i. and Van der Heyde (1923cj dcBiied its presence 
Heducing .sURiir up to 02 mjt. per cent wet-body weight oecuis in the 
coelomic fluid of Siroiigijl. purprsrohis hut quickly disappears in starvation 
(Lasker and (licse, 19.>4). The best analysis of the coeloraic fluid 
appeals that of Mj-ers, who obtainotl for Sirongijl. Machiensis 96.52 
per cent of water, 3 per c-eiit of salts, and 0.48 per cent of organic material, 
some of which con.si.sts of nonproteiii nitrogenous substances. Usker 
and Giese (l!).)l) found about 5 mg. per rent wet weight of noiiprotcin 
nitrogen, at least part consisting of amino acids, in the coelomic fluid 
of Slrongyt. purpi.ratiis. (See also pag<- ,-.fi9.J The coelomic fluid so far 
ns tested is less alkaline than sea water; Cole {1940) reported a pll of 
6.9 ill Eehiniirarhniii^ jxtrma and 7.2 to 7.84 for Siroiigyl. iirdbachicniiis 
off Maine, whereas in Puget Sound figuivs of 7.3,5 to 8. 15 are given for the 
lattor l)y Wctw ( 11)2(5 >. 

In Korici'al, orhinokls have practically no jwwcr of ionic rc^tnlution, 
that ix, of maintaining in their body IliiW an ionic concent rat ion other 
than wimt rcxiilix from passive e(|uf librium with I he mcKlium. Placed 
in diluted sea water they imbibe water and Kain weight, but not if the 
diflercTice in (wmolie pressure is eomjKuisaNHl by the addition of sugar 
(Henri and T,altHi, J1K)H>: sails did not |)ass out within the lime limits of 
the experiment (2 hours). Kehinoids appamilly a vend brackish water; 
in a study of the fauna of a brackish estuary on the .Maine <*oasf, Topping 
and Fuller (11)42) noted less adaptation of whincxlerms to brackish 
water than of other marine inveriebrsites. Strongf/l. <lnHHirhtfnsis was 
limited to the m<iuth of the estuary where the .salinity was but slightly 
less than that of tlio sea. 

.\ll observers agree that the ewiomic fluid clols shortly after shccjcliiig 
and that the clot consists of the phagiawlie types of coelomocwtcs whose 
pseudopods more or less fuM* to a mesh in which the other am<«*bocytcs 
become entangled (deddes. 1880: Xolf. 11)01); Kindred, 1021; DotwMon, 
1038; Book hunt and (been hunt, UMO: Mi (lot, lOoh. The co<>l<»mic 
fluid minus the cells will not riot. Clotting is acecleratcd by extracts of 
the tissues of urchins or other marine i n vertebra I es. by salts of the alka- 
line earth aeries, especially p<itassium. and by hyiMTtonic solutions, but 
ia delayed by magnesium salts and by ra lei um preeijhtants as oxalate. 
The work of Done) Ion shenvs itml some injury sub.^taiier is normally 
responsible for clotting, and this explains why the eells do not dot while 
in the coelom: but if a needle is thrust through the peristome and the 
inner surf are of the test seratehe<l. a elol will form at (he .'icrafch. In 
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the clot the coelomoc 3 ’tes break down, releasing their ineluxions, and in 
Diadema antillarum the clot slowly turns blaok, as melanin is formed, 
after the manner already described (Mi Hot! , 1951). 

The nature of the inclusions in the cmOonnxwtes has not lieen definitely 
ascertained. Cuenot rlft{»n>i and Sf. Hilaire (1897^ thoughi timt the 
colorlcs.s inclusions contain allniminoid and >ome fatty snhstanee.s. The 
former found that coelotnmylcs would lake np pcj>t<»ne, Injf tlux is not 
KiKiiifieant, as they alj‘c» lake iijr itUTl parthles. l.i<'l>maii flD.'Kli wax 
miublo to arrive at any xati.sfuclorv rcxnltson th<* natnn* •>( the inehi.sions 
hy means of hUt^H hemieuI le>t>. hui iieverthele.vs <MMif'lntic>(l that the 
i is lonusyics aggregated in lliegtunuls were ran ving fooil supplies to the 
developing germ cells, fi is more likely that they were on their way 
to the exterior with wa.sle rnatter.v Hookhanl un<i (liiswilnirg (KHOj 
found that the red eo<'loni<x'yli*> of .l/r//iVri (shiIuIii I'ailv material hut 
did nol ingesl lnje< icsl fai liroplei^. '|*he tdiagrs ylle lypex of ei)el()mn- 
<ytcs will take up alino.xi any kind of material iiijefUed inio the iaH*jnrn. 

carinitie, carhenn indigiMuirmirK*. fat drofjhUx (Averinzew, ItUI; 
Kiiiflred. 1921; HiH.khant and tircsaihnig. into*, ami aeenrtiing to 
.'Vwerin/ew lliey eniTV ihein lo the evlerior ProhahK (he e<M*|uinMey(es 
eohvey both food materials and waxle and ftneign xiihxluias's and are 
ftlso loiaMuiKMl in pigment dc^poxilion at the xnrfa<*e. ax already inilleated 
lor /;zVj//rwax. Awcrlnxevv found that theeolor of .s7/v/a /////. t/nAnnhu u.ittt 
vanes with the kin<l of plant focal iiigexicsl and resuit.s from rht* eon- 


veyaiiee to thexurfaee f>y e(K*lomcM*yte> of the pigments <*f ingested ]>la>dK. 

K<'lltnaMn (19PS» etaild tind no evidenee of a jHiKlueticaj of eoelomo- 
‘ytes by the axial gland: and the ex|M*nmeiit> i>f Selnnke (IttoO) have 
« (hut rfie ecM»loimK*ytex irriginate in the general dermis of (he body 
'^(ill. Sehinke drained out ihe ecsdoinle fluid id /V/aoa. miliann. 
'‘‘•phujiig || with.«K*u water, and found that iHliMTcenl of the eoe|om«>ry(es 
i^'fnrtncd in I day and all of them in 2 to -I days. Ilejjetilion of the 
•'IpimeTit ftilloning removal of the axial ghunl gave tlie same rc^snlt, 
(nid (M ^11 feii^.riml r»rgans, tfie ctM'lotnoeytes 

‘•'‘•stilhvacljlv replaei-d. This author is of the opinimi that the amn<*l>o. 

• s a 1 1 1) <-r)l< )|| ,.ss a nd rer I i n< • I) jsi c a is ori gi na t e < I i re s* 1 ly I *y t ra 1 1 sf < >rm a I i oj i 
‘j 'cirnal mesc*n<*hyine eell.s. Inil that the p)hagtM'ytlc ecadomocytea 
from Ihe tyjH* with eolorles.s fiielusions. 
hge.siiori in echliiohls was sln<li<sl by \Vec*se ( I92(in usijig Sfrviiijyi. 

J.a.sker and (lies** (H>5ln using N. 

Iji n are also furni.shed by Hoaf ( 1910) on fjefn/tug i uruhn/iifi aiid \'aii dec 

dr/xiriVi pmirtulfiia, I loaf found that the fond rencdies 
>1 small intestine in 4 hours and of (he large intestine in 

*** passage is fornnsl into remnded jndlets enclosed In 
‘•Js t lat gradually bcer>me 1 r:in.span*nf . I.asker and (Jlesc rep^»t'f that 


560 


FHrLL'M ECHfXODERMATA 


starved urchins continue to pass focal pellets for about 2 weeks. Roaf 
added indicators to the food and concluded that the food becomes more 
acid at first and later turns alkaline^ but Weese rejected Roaf's procedure 
as unreliable and could find no correlation between pH and location in 
the digestive tract. The pi I varied from 6.2 to 7.55 without definite 
reference to the amount of food present or level of the irifestiiie. Van 
dor Ileyilc found a pll of 7.2 to 7.8 in the intestine of Arbacia, and Lasker 
and < iic.se one of 7.2 to 7.3 in S, purpnralu$. Several investigators have 
tested extracl.s of whinoids* digestive tracts for enzymes. Cohnheim 
(1001) reported finding a strong diastase and a weak invertase but no 
protease. Scott (1901) delected protease and diastase, acting in neutral 
or alkaline media, but no lipase. Van der Ileydc ( 1922 ) found a weak 
protease, a very weak invertase, and no lipase in ^rbaefo. 
deter miuc<l the presence of a protease acting on egg white at pH 2 A, 
another acting on gelatin at pi I 7.0, best at 8.0, and an amylase working 
best at 7.5, but noted no lipase. Amylase and invertase, but no protease, 
were reported by Bortolini (1930. 1932) in c.xtracts of the siphon and 


both circuits of the iutestinc. and this author thinks the siphon is a 
digestive gland. In extracts of ground entire digestive tracts of S. 
ptirpurnlne, La.sker and (Jicse proved the presence of protease and 
amylase, but found no evidence of the ability of the urehin to digest 
many of the constituents of the algal food of this species and suggested 
that perhajw the bacteria in the urehin gut might as.sist in the digestion 
of the algae, as the foixl pellets in the large intestine are covered with s 
transparmt membrane line<l with bacteria. The large caecum of 
spatuiigoids appears definitely of digestive nature; it eontainsa brownish, 


slightly acid fluid rich in amylase and also able to digest egg white, 
fibrin, and gelatin (Henri, 1903c). The existence of a current through 


the siphon of regular urchins was confirmed by Henri (1903b), who in the 
opened specimen oWrved rhythmic contractile waves, originating m 
the esophagus, passing along the siphon at intervale of 10 to 12 seconds 
in the direction of the small intt*stine; methylene blue injected into th« 
esophagus could be scon moving along the siphon and into the intestine 


Little is known of the fate of the digested food. The rich vaacu- 
larization of the intestinal wall would indicate absorption into the haemal 
system, but evidence is wanting. Awerinzew (1911) injected carmme, 
carbon, and indigocarmine into the intestinal lumen of 5. drobachieM^* 
and reported that the last was retained in the Intestinal wall but the ^ 


other two substances reached the coelom and were taken up by coelom^ 
cytes that, loaded with particles, would leave the urehin, or might dep^^ 
the particles in the body wall. Van der Heyde (1922) noted amino 
in the coelom le fluid of feeding j4rdacic and found amino acids in 
fluid after injecting proteins Into the digestive tract; similar experiment 
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with sugar failed. Kindred (1926) saw droplets, apparently of digested 
food, in the connective tissue of the intestine picked up by phagocytic 
coelom ocytes and concluded that amoebocytes with colorless inclusions 
represent phagocytic o oelomocy I es stuffed with food; ^'chinke (page 505) 
reached a different conclusion. The exjxTimenis of l.asker and (Ucso 
(1954) evidence the passage of the product?^ of digestion into the cr>c)nmle 
fluid. They showed that the sugar in the coclomic fluirl disappcur.s in 
starvation but rises after a meal containing earlK)hy<l rates, anci .similarly 
the nonprotein nitrogenous content irf the e<M*h»mh' fluid rises after a higii 
protein diet, decreasing again to a normal valiif* in about days and not 
dceliiiiiig furtlicr with starvation. They notisl n rapid <li.sapp<*a ranee of 
glucose injected into the emdorn of a .starving urchin and reported 
glycogen storage in all tissues but especially in the Intestine. Tin* 
glycogen content of a male S. purpurotua was banal to be J72 mg, per 
cent on the basis of dry weight. Stott i UKII j reported glycogen storage 


in the gonncLs uf f>oth .sexes (»f efiriilrnlits witfi ii j;*tg(‘ deeroaso 

just prior to spawning. WhelhcT e<M*lomcs‘ytes dislrilnjte tligevjed food 
and wlieiher their inelualons represent slonsl fiMsl tnusi reniulri unsi'ttlcHl 
as regards eehinouls. 

'I'he role of the eompns.s apparatus <f>age Hi.'i) in r<'s|)i ration in 
eehiiioids was disco vensl i»y von TcAkull i IHIMho, vshtwe wr»rk indicates 
that the respiral <iry movemeiMs of the apparatus are <'ont rolled by the 
nerve ring as they may l)e invoked fjy siiiuulalion <if the tierve ring. 
1 he movements are not rhylhinie but <H*enr ordy when an oxygen need 
t« felt; the inereasixl eurhon dioxhle eouteui then acts as a stimiilant 


to thc' nerve ring, .\saeelie nejd app!te<l to the ricTVe ring is also clTeelivc, 
the stimulaling action of earixm dioxide inu.sl lH*aUrihuted to its acidity. 
1 he only (luta that fiave been found oit oxygen eou.^umjnion are those 
of Koller and Meyer t \*mi. whose figun*s indieale a tuilization of O.ll 
mg. of oxygen per gram of weight per hour bir the smallcT and 0.08 for 
the larger .st)eejmeus n,^<xl. The fiitdiiig c»f lhe.se ant liters that exclusion 
of the jiodia by taping them up eliminate.^ all oxygen intake appears 
ineretlible. Lasker and (lie.so give the average oxygen intake of 

the mtestiiie of S. purpuraius as 0.7 eij. mm. per mg, f>er hour; it was not 
ftfTee ted by addition of glucose or yeast ex tract to the medium. 

Ihe mode of operation of the water-vaMadar .system was considered 
under .\ster<mlen, and the at count there p re.su inably applies to echinoids 
also. Some work lias Iktm done on the role of the mad repo rite and atone 
eanul in erhinoids. I.udwig ngeg), „.Ked an inward current in the 
1‘emovod madreporite with .stone canal attuchixl. .\ccoixling to Bamber 
(1921) the current fhms out along thc center and in along the periphery 
the .stone canal. The madreporite appears to Iw kept clean by ciliary 
action . as a cloud of partiele.s addetl to the water does not settle on th€ 


50$ 


I^HYLIM ECHiSODEH.MA TA 

madreporic plate (Bambor, 1921). Kruger (1932) fastened a manometei 
tube over the madreporitc and found that n-ater wili pass through the 
latter if sufficient pressure is applied, under which circumstances a colored 
fluid will extend thmughoul the wafer-vaseular system. Ordinarily, 
however, there is no continuous inflow of sea water through the madre- 
porife into the* water- vascular system (Haml>er, 192J, KrUger, 1932). 
.\dded color usually gels no farther than the a.xial gland, which thus 
seems irom the results of these workers to open dcfinite]3' into the water- 
vascular system. Perhaps sueh eon nee I ion serves primarily for the 
exit of excreta or of e<iolom<H*yte.s loaded with exei'ola (sen? below). 

.\t tempts have l»een made to solve the problem of excretion in cchi- 
Jioids l>y injecting Inert purl ides and hy rhemieal analysis. Kownlcvsky 
(1889) noted that injecte<l carmine aeeumuiated thickly in the axial 
gland. Awerinzew (1911) found that carmine or carbon particles are 
ingested by the ccwlomcH'ytos and that such loadcnf coelomocytcs wmild 
leave ifie IukIv by way of I ho gills or el.se where or might deposit the 
granules in the IxMJy wall. Tlnx*c days after the inject ion the gills were 
cover'd with oulwnrKlcre<l e(K*h»m<H'yles tilled with injected particles. 
'('Ills author also indicate.^ a phag<N*ylic power on the part of (he <*oclomic 
epitliullum. KIndrexI (1921 1 notixl that carmine ojhI carbon particles 
lnje< ted Into (he coehnn of Arbacia are taken up hy tlie phagocytic 
coelomocytcs- Similar <d)ser vat ions wcix' made on .1/r/hVa by Hook haul 
and Oreetiburg ( 1919;. who rep(irt<xi that half an hour after tiic iiijcctron 
of carmine into tlu* (•oelt»m, carmine pariielcs arc found in both types 
of jihugoey'tea and in the amocbocytrs with brown inclusicms. Diirluin; 
(1892) noticed that dark-bnnvn material eiin Im* wi/axi olT the gills o( 
Erhinus and that (his is found on examination to be composed ofamoebo- 
cytes with yellow or brown itirlu.sicms. Similarly he found <clls with 
brown or black .spheres on the siirfaw*. on the mndreporite, and aroiiiid 
the podia of the phylUnles in spa tan golds. It would seem to be estab- 
lished that the coelomcH\v((*s, or some of (hem. ingi*st foreign particles 
and convey them to the cxlerior; presumably me(abollc aastes would he 
treated in the same manner. It further appear.^ probiil>Ie that the 
axial gland is a way station in the elimination of c-vcixUnry material as 
foreign colored material amjmulates there (Kowalevsky. 1889; Kruger, 
1932). This gland as already descrilied is full of coelom iKytc.‘< of the 
types with inclusions, and this fact Is difficult to explain on any other 
Iiasis- The walls of the gland also contain numrrotjs granules .suggestive 
of excretory mutters. Further, an exit rotitc is available by way of the 
stone canal and madreporitc. It sc*eni.5 probable, therefore, that m 
cchinoids the axial gland sen es an excretory function. 

Identification of the form in which the nitri^enons wastes of echinoids 
are elimiimtcHl has Iwen attempted bv a iiuml>er c»f bi<M’hcinist.'*. rhic/b 
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by analysis of the coclomic fluid (freed from cells) or tissue extracts. 
Cohnhoim (1901) found that the coelomic fluid contains five or six times 
as much nonprotoin nitrogen as sea water, al'ont 3 ing. per 100 cc., and 
identiflod therein uron. amino nitrogen, ammonia riitrogcn. and purine 
bases, but noted scarcely any urk* arid. Sanzo reported 2.21 

to 3.09 mg, of nrra per 1(K) g. lA riK'lomir fluid of several regular urrliiii.s, 
My Cl'S (1020) examined the c<K*l<imic flukl of Stcnntfi/I. frunnscnnus and 
detected rreatiiie. crcaliiiine, a lra< ei»f uric uej<l, .snroe urea, and ammonia 
nitrogen. I>ut no amino nitrugrn. Trie arid \vu^ tin* only nil rogtitou^ 
waste found by \’im der llevale • l*)23c» In tin* r*o<'|r»inir fluid of Ariurin 
punrtulald, and a^ this xiilK'^tance was also pie.^aii in the inte.sliri(*, tliis 
author concluded lliat nitrogeiioux I'xrivtion ix'i'urs l>y way (»f llie 
intestine, Przylecki { l02tM cleirctiHl only a trace of uric ai id in er-innouLs, 
O.o mg. per 1 00 g. of tis>uc. In sea nater in aliicli d/rotus lividuti 

bud liv(‘d for 2 1 liour.s. Delaunay <1031. nKnMiel< •eird amnniilia nitrogen. 
umiiKi nitrogen, nreu, and a traee of urie arid. In the etadoniie fluid 
was found o.T mg. of noriprotrin nlliogeii p<*r KKl ee. a> compared willi 
fl.l mg. ill t.vn Nsater, uiul analysis dicm<‘<l tfii.s to iiirludc' 0.21 mg. of 
ammonia N. 2.10 of amino inin»gcii. and 0,12 of urcsi. but no uric arid. 
Horkin and Dnchatt'an have iHiintcal out (bat the br<*ak<lo\Mi from 

Hi'ic acid to ammonia by way of alia ii loin aii<l urea r<*cjiiire.s a sjjc<*llic 
enzyme ui every stage; if urieuse is hunting, uric acid is r\er<*ted, but in 
tile preseriee of nriease the breakdouh )»r«Kre(ls moslly to ammonia. 
V't urcliirix p<xsxess unease*, it may !«• expertisl tb.al they will cxeret<' 

< blefly urea and ammonia. Tfie forcgtHiig data slion ifiat in most <'ases 
Mi'M' aelti is alisenl m- jueseiit only in Iraeoand that amino and ammonia 
nitrogoo are tin* most ecunmoii emd jrnKinrts in e^diiiioids. Ihildwin 
^I9l7f places imporlaiiee on the fiiHling of en*atiiiiiic and eieatino in 
•‘•'liiiimleim.s. as these are typieal nitrogenous p>r<Mlii< ts of vcnlebratcK 
‘*''d among invertebrates <Heur only in echiiKKlerm.'^, 

31. Ecology: Geographical Distribution. Tin • eriiiiioids inhabit ali 
anrl all tyjK*^ of bottom. exieialing from the iiil(*riidal zone to depths 
JiKHUid ,*0<)0 m. Init appear absent from tlic‘ d<H'pest (K'oan abysses, 
‘'’y are nio.st eommori in the littoral zone, that i.s. from I lie upper ible 
t<i the edge of the ccmlinehtal sh«*|f. although many <K'c*nr or c‘xf<*iid 
into lei's of eon.sUlerable depth. As already ihdieatc<l, ix'gular littoral 
ins are rather addict c<l to rc»cky or hard bottenn, when*a.s the irregular 
orms are usually ass<K‘iaUHl with sandy or jwrtly sand sub.st rules. 
<cpcr-\VHter forms ne< c'.s.sarily live on the bottom ooze. 

littoral (xhmoids (M'enr most rlehly in the Iiulo-Ihuitic area, 
^yileiing 11 ) Iiulo-Malay part of this great region and from there 
‘ng to .\u»fralia, Japan, the eastern coast of .\friea, ami even as far 
"aivl fls the Hawaiian Islands, rbe main r»'ports on the httoral 
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Indo-Pacific echinoids are those 0 / Ddderlein (1002) /rom Semon^s 
expedition to Australia and Ihe Indo-Malay Archipelago, De Meijere 
(1904) from the Siboga Expedition to Ihe Xetherland East Indies (now 
Indonesia), Koehler (191-1. 1922, 1927) on the echinoids of the Indian 
Museum, Roxas (1928) on Philippine littoral echinoids, H. L. Clark 
(1910) in his book on (he ochinoderms of Australia, and Mortensen (1048) 
on the . I /ho /rose collections from the Philippines and adjacent areas. 
The scientific names given here are those that appear in Mortensen’s 
monograph, where prm'ding synonyms will l)e found. 

Aceording to Morten sen (1030). the cidaroids center iu the Indo- 
Pncitic, whore most of the known species occur, There are, however, 
only a few common lllloral oidaroids in the Indo-Pacihc, namely, Euci' 
(hriH mHularia. Plojlheanlhuft finpcrw/ia, and Pheoddaris t'crttcilUUa; 
sllgfitly loss common aie Prionoetdans baculosa and tiapinoia. The 
Kchinothuriidao are represented by Asthenosema variuin, common 
throughout the Indo-Pacific in shallow waters to I(X) m, depth. The 
Arlniclidae are repr<*st*nte<l f>y ('oftopirurus wfiillardi, Diadematids, 
notable for their poisonous spines, are common in (he Indo-Pacific, 
espcn'ially Cftnctoflindrmo graiuihlum. Diadenia Ac/osum and Mvignyi, 
Erhiiiolhn'x diafftmti and co/anwrjs, and AfttropygQ radifita. The I'cm- 
nnpleurldne are well le presen ted in the Indo-Pacific by the very common 
species TcmitOidt urn torrumaticus and rccfcatt, l^afmQch 6iVe/ar, and 
Mc^pilia ghhfihis; other common forms arc Sabtiacfs sphacroidcs, belli. 
and rirgulnto. nncl Tcinnolrntin siawensr, pitlchrllum, and rdiculatum. 
Among the most commim of In<lo-Parifir littoral <H*hinoi<ls arc the two 
tc>xopncajsfi<ls Toxopnrmtlrs pitr 0 iii$ and Tnpnofutre graliHa. There 
appear to be no ec»mmcm littoral echinids in the Indo- Pacific, but the 
.stroiigyltK-entroluls are represented by the I wo rock-boring spcciw 
EchifioMrrphus octenhia and molaris. Echinome(ri<ls are especially 
characteristic of the Indo-Pacilic area where the species Echinomrtra 
mnfhoci and /Irtcroccnfrofu.^ mommi/faft/s are >'ery common, pstJcciaH.' 
the former, said to be (he most common urchin in (he world, occurnng 
in great numbers on coral reefs and reef flats. The strange echinomotiid 
Colobocenlrofiis airatua (Fig. 1780 is limited to intertidal surf-beat cn 
rocks of various islands from Ceylon to Hawaii. 

Turning now to the irregular urchins one finds (he h elect ypo( 
Eckinoncus ci/rhs/omus widely dis(rihu(e<l in the Indo-Pacific. 
dollars of all the common genera are abundant in the area, especial!} 
Clypcafslcr reticiihlus, Arachnoides piaccnla, Echinocyafnus erwpua an 
proircfus, Fibutana ot uium and crif/cHum, Pcronelfa lesueuri, orbicul<>^*^r 
and macroprocles, Laganum decagona^e. laganumy and depressum, an 
Echincdisciis auritus. There is no dearth of littoral spatangoids, 
of which the most common Indo-Pacific species arc }forr/m planiufi 
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(s* ovata), Lovenid elongatay Br^ynia ckgnns, Schiza^tcr lacunotuz. 
Smwpm luzonicay Brians laicocarinatuSy and Metalia slcrnaks and 
spaiagus. 

Many of the common littoral Indo-Pacific ccliinoidK extend north- 
eastward into southern Japiin by way of the Hyukyu for Liu Kiu) 
Islands and form a familiar elrmetit of the fauna of >liaIIow waters there. 
In addition to this clement, however, .lajKin lias a number of endemic 
echinoids. that is, spi*ries not found cIm'wIuti* (Japanese eehitioid.s in 
Doderlcin, 1885, 1887, l‘J0b: Vo.shiwara. UHlti; .Morteiisen, )t)20; Iked a, 
11140), There appear to lx* no common rhlarfnds along Ific coasts of 
Japari, hut endemic species of (ioiifociif/tris. Sft ntH'iihrix, and *sV///ofn/ort> 
are charueteristio of waters of m<Klerate dc'pIh^. Typical endemic littoral 
species arc the stinHlont (;if,pttMi4hn>- mtiufork. the tcnnnojilcurid 
Tmno( re ai a ficulftl n m . t hi* st rc >j i gy h m vt » I rot j d St ro u g ijL iti trr m tth'tt fi, 
nuHui, and poli/acanthuH, amt //r MoViw/r£»/<M pulrla irtmuH. the loxo- 
pile 11 St id BKefttlcMTii/rotnH ikprnssuK. a ml tin* eiJiinomctriil . I utlioriflariit 
i" llrUonflarU} There are a mitniMT of r hurarteristic 

sand dollars, as Sraphtrhinug Kehi/ttinirhftiuni mirahifix, f/mcas, and 

lenuii, Clgpraulfr lunneenz and ja/wniruji. .lstriWy/«ns maiini, Hhuhrui 

QcuUi, and PvroitcUa ruiro. The genera .l«/riWy/K*iAt and Srophrehinus 

wo exclusively Japanese. KndemM* Japanese spatangoids fonixl in 

"'“b'f incUule Hrigagiir owstoni. Motra furhcKttiMi, and BriMxuN 
<*V<imzii. 

n fauna of Australia, exhaustively consiciered hy II. L. 

ark (IP38. is also a mixture of I tido- Pacific* and endemic species, 
c Australian fauna is especially rich in <*< luniKlerms and inc ludes 135 
^ 1 c known existing species of echinoids, most inhabiting shallow 
vtt ers at depths of not more than 20 in. The eharuc't eristic endemic 
jJB rahan cidaroid is Goniocularis Ittbaria found along the entire coast, 
lerc arc endemic cliaclemalids, (knfroatrp/tamts rofigvnii and tcuuixpina, 
<n(lc*mjc tern nop leu rid 8, notably the gc‘iu*ru Ainlthfiuunfra and 
limited to Australia and Tasmania. The echinometrid 
I Clou/ rim 'rfjthrogrnrnma is common on Au.stralian eoasts, probably 
Irul ‘'l^‘•"*h<Te. l'huJ<*mic clyjH*a.sl mills irielude ('lyprankr aus~ 

a«iac and teturug, Arachnouku /rnuis, Ammotrophus cycHug. /UroncUa 
nu and luiMrculata. Fibiitaria piolcia and the hriHxIing tmUiens, and 
ine pkly tiling and pfanixgimug; .s< utelli<l.s are somewhat want- 

Austr^I^ * ” •Australian fauna. There appc»ar to be only two endemic 
‘ ^patangoids, Breynia aug(ra!asiac and Eujxifagus vaUncien- 
a brooding species. ' 

AuRir.r include a few species also found on 

(rarn Indo-PaelKc, but of the 22 littoral species 

^'^^nuhar, Ift04, 1808. 1026; Morlensen. 1021), no Ie^« than 14 
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^.Klomio, Those .'omprise two oidaroids, Ooniocidorh umbraculum and 
an., bcnhami. five species of the temi.opieurid gen»^ Pscudechinw, 
the .<H k-l.o.ji,g ecliinonietrid E, -echinus cMorolicus, Apalovms rtctM. 
«hich IS one of tiie tx\o sur^-n•ing species of tlie eassiduloid family Echi- 
nol.lrssKlae, the san.l dollars .\mchmido$ zclandiaf, Peronella hinemoae. 
aiK hcln„oc!,amu8 iH,ly,^n.8, and the spalangoids Spatangus mu/lhpinm 
aiul /in.^KOfms zealafttfioc. 

llu‘ iiulo-Paririo cMimda aho extend onto the eastern and soutiiom 
rc>a.sl^^ of .Unca: in fa<‘|. ihere may he a jarge fauiml unit 

• nmed hy Kkman Uu* Irulo West Paoifir. which ex tend, from 

(lie ({cil svci and the east <M«ist of Africa xhunigh the Australian and 

llauauan Islands. II. L. Hark 
( U-d) foniifl that of 2:i littoral <Thinoid.s reported in hi. study of South 
African cchirimlermK. only two are etuJemfc: the others aix* mostly 
common [luio^PnrlUr spcH'U*.. Turning to the eastern houndarv of the 
groat Imlo West l>aeirie area, one find, that nls<i many of the iiftorai 
eehirioids of the Ifnwaiinn IslandK are eommon Indo-l*acifie species 
(Agussu and dark. 11)071). UMH); If. L ,<,17, 1025). 

Some httoral endemic- speeie.s of the Hawaiian Islands arc (lie cidamkh 
// f s/oci ih r/V ra r M ifh. .1 at fitfi oridaria ha/tfif/nn . Prion ocith rk ha m i- 
m\i\('honArori,hrk(jii,an/r<i, the diademut id Oiadenw panrispinum. 
(he sand dollai*. (lifpronter i>/fofMio/ns and Fchtnorf/amus ans/i-alis. and 
the spatangoid Loren in hnumirnstji. || j. worthy of remark that one of 
the three exist I ng holc^etypoids. }/ irro,>rtohn pnrpnrrum. of which only 
three sjMMmens are known, is endemie to the Hauajian Islands. 

.V regjoii n<‘h In echinmlerms. eompjarahle to the Irido-Paeific, is (he 
West Indies Florida area {Dcklerlein and IJartmeyer. I OH); II. L. Clark, 
H)d3j. Ihere is one specie, hen- in common >uth the Indo-Poeihc, the 
Kolectyj)old Eehinoncuti eyrio^lomua. .said to he the only circum tropica I 
eehlnoid. Other familiar littoral whiiioids of the West Indie, many 
alrc-ady meiitionc-d and figniwl. are the eidaroid EueUiaris tribnhidrs. 
the cliadom.itid Difnlcma nnfifhntm. the arliarlid Art>arin pnftrtulaio. 
tile toxojiciin.stid. injterhinn^f varinjatns and Tripncuniea eiicnknli/^. the 
eehlriometrid Echinotmtra fnrnnter. the sand diillur. ('/t/praMer rosaccua 
and ravc/tc/if, Mt/lita and xcj'iciijx^rforoto. and Kneope einar- 

ginnta and mtchriini. and the spalangoids .l/e»>a afro/tos. Mfooia rcn(n'co^a, 
PlngiohrU^niE gram/iK. and /irtMi'S uniroior (* britisusK Tuxonomic 
similarity of many of the foix-going vs*r(h eommon Indo-Pacifk .spenies. a* 
Eucidaris mc/ulnria. Diode mo -v^exx/n. Tripnoiefes gratiUo. Echinomdra 
molhaH, and firi^Kus tateearinatnfi. mav l>e noted. The West Iiidicn 
cehinoid fauna extends soutlHv.ard along Brazil and northward aioiig the 
Atlantic* C’oast of the I nited States. LyU rhinos mriegat»s. Moira 
Qiropos. and guinquiesperfomta are disfributctl north'vard f^c 
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aij jhe (/arolinas, and the la«l and al>o .li-Ww ixrur to Cape 

Cod although the MHliUt is somewhat uneommon north *>( the C'arolinas. 
The sand dollar Echinarachnins jwnun i,*. a chararierisih* wdiltioid of tho 
Atlantic Coast from Maryland to I*al>rador. and the green nrtdiinjSVron^^/ 
(IrdbaMfnsh is the common littoral iireliiii from ( •«/>(» (\>d northward 
to the north coast of (Jn*onlanci. within the Aictie ('irelo. it shrudd be 
note<i that there are no c*idaroi(l> north of Fiorhlu or tfierealxnils, and in 
fact there is a general dearth of eidaroiejy (liroughout tin* entire Atiantie. 

I his cannot he attrilnitisl to lower fem|MTatorc*s us ^'idaroicLs are common 
ni the antarctic. 

Another tropic al and suhtropieaf area cmipurahlc* iti general eiiviron- 
menlal conditions to the Imlo-Paeihe and West Indian region.s is tlie 
Cislcrji trof>iral i^aeilir or Ihiiiamie area extending frenn .‘•out hern Cali- 
foriJiu to IVni and itiflmlrng the CalaiJagos :uj<I otlier outlying i.dauds. 
The littoral ec'hinoids of this rc'gicni have been n*pottc*d by If. I., ('lark 
(1910, lOlHc, and a gcaieral re.s<*m blame to tboM- of otfier tropical areas 
IK evidemt althougjj rlic‘re are uo s|ns ies in ecunrnon. t)iie of tfie emn- 
tnoii«‘st and m<*.s| chunulcTistic uivhiiis of tJie iropieal c*a.stc'ni j>u<'i(ic 
in huciilans (houur'iii Othe r c-ominon littoral iiiviiins are ti»e diadem- 
lUids Dm/nm, misiruuu. a i>ig black uivhtri vutli long ]>oisonous .spines, 

■ \^trupi,(}i, puhiunta. and CutfroxU phuitn^ ronmtHu.s, .\rharin HiHnht, I In* 
loxopneu.s tills ToxopntuxUx mx and Tripui uxU x 4h fmxsuH. the largest 

'irehm of the* regiem to lot) mm. in diumetca'. and Echhumitni (•auhrunU, 

vioct with an cwal tc*st, the most sjxM ies of the c a.steni (ropicad 

All hi'. Sand dollars ineincic several sjKiaes of <*|ype«stc*r and 1 1 species 
*> -neopr, and spnlatigoids an* reprc\sejitc*d bv nrhnsUr townsmdi 
iotra rlofho. firisxopsix ffnxxux Mromo groniiiH, Apasf^izia 

/.orenm voniiformh. MiUttin „Mlh. and HagiobrUsu,* 
j he echiriojds of the (lalapagos Islands are ij> general Panamie 
-pec ;es or srrecies from the ccaisls of l>eni and ICenador: howevc‘r, of 23 
KpceieK rc>cmcled from these* islands, ban* are canlemii*. Some charaetcr- 
ij* Icruvjuri htloral oeliinoids that do not extend northward are the 
^iblc echiiiicl UxrrhiuHH idhuK and the arl)aeilds AHnina zpatuligera and 

V": <':*Nf.,r.na Ls lil.on.lly populated «itl. 

. ml all of ilio .2 .sijpc-ics rccc.i-dcd fnmi tIuTc ai-c dofinitelv 
'‘'mini- ox, .opt 0 . 10 , tho .•i,la,„i,l ll.npiroruhrU p,rpl,M. 

notllT ' r ' 'r“ ’‘P"*''''’* hon. ( 'alifoniio tvatoi-s, 

s.„o Lo,:h,„ conlifonm,. and (lio 

a - .raTiT f Por.ama lo Alaaka, hut in 

1- 1 .d ^ “»• of tho 

fo!.‘!d ,o.;\ 

f'alifoniia nn'l . 1 . ' -speoH-s aro limiUsJ to southern 

f e adjacent pjirt of Lower (‘alifornia, notaldy the two 
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toxopneustids Lyleckinif9 anamcsus and picla, but most range from Cali- 
fornia or Lower California to Alaska. The characteristic species of this 
lanae are the t«-o purple urchitis Slrongijl. purpuralus and franciscanui 
and the sand dollar DendrasUr ezcenlricut; two Xorth Atlantic echinoids, 
Sirongnl. drofxichiensis and Echinarachnius parma, extend from Puget 
Sound far northward. A general survey of the echinoids of the eastern 
Pacific is given by Grant and Herltein (1938), 

Some general facts about the cehinoid fauna of the coast of the 
Americas and their outlying islands emerge from the foregoing account. 
There arc no cidaroids north of subtropical watei-s. There is an almost 
complete ab.soiice of the large family Temnopleuridae, which is essentially 
an pido-Pacilic group, although two temnopleuriils occur in tlie tt'est 
Indies, fui ilier evidence of a relation of the West Indian to the Indo- 
Pacilic echinoids. The sand dollar famil.v Seutellidae is notahly devel- 
oiie<l ill .\mericaii (also Japanese) waters, and (he genera Mellila and 
Europe are exelnsitely .\meriean, occurring on both sides of these con- 
tinents, Mellila is liclier repi-esentiHl in the West Indies-Florida arcs 
iiltlnnigh tliere are two uncommon Panamie speiics, whereas Eneopt, 
as Morten.-eii renuirks, shows an amazing richness of species and varieties 
in the Pnnamic area. 

A familiar group of echinoids wrurs along north European coasts 
from Korwny and Iceland through the British Isles. Surprising!)' enough 
this includes the wel|.ki»»vn cldaroid CidarU cidoris (- Dorocidarii 
^mpillaia), although this is not found above 50 m. of depth. The typical 
shallow-water fojms of this ajva are Echinus escidaUus Slid 
espi'c'lsdl)' the \’ariety acuius nortcyicus, with A*, deyans below 50 m., 
Psammechinus nidiaris, the inc^*itablc drdbaefnensu, the little 

sand dollar Echinocyamus pusiUus, and the spatangoids 
piirpurcus, Echinocftrdium corxintum and /IcrcsccnSy and Brissepi^^ 
lyrifcra (Sussbach and Breckner. 1911; Morlensen, 1927; Koehler, 2927; 
Orieg, 1928; Mortensen and Lieberkind, 1928; Lieberkind, 1928). The 
fauna of this area is more or loss continuous with that of the eastern 
North .Atlantic in general, oxtciiJing into the Mediterranean and down 
the A thin tic Coast of Africa. C’ommuii Mediterranean (shiiioids 
(Mortenseii, 1913; Tort on ew*. 1940, I9o2> include Cufarh cidnris and 

Stylocidaria offinis, /lr6arw lisufa, the diadomatid Ccnfroslcphanus 
hngispinu.H. the echinids Echinus aculus and mefo. Esammcchinus rnicrO’ 
iuOcrcuiatus. and Paracentrolus licidus, (he lemnopleurld Gcnocidaris 
mandala, the toxr)pncustid Sphacrcchiniis ffranularis, the sand dollar 
Echinocyamus pusUiuSf and the spatangoids Sputa ngus purpurcus and 
incrmis, Erissopsis lyrifera and a/tanfica, Brissus unicalor, Mdalia 
costaCy SchizasUr canaH/crus, and Eehinacardium cardafuni, flairscens, 
mediicrraneum. and morfenseni. One ma)‘ note as chararteristic’ of the 
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littoral echinoidi of European watJTs the presence of a number of momljors 
of the family Eohiiiidac, a general lack of Temnopleuridae, the absence 
of sand dollars CNccpt for the one very common species lnOonging to (he 
rihulariidac, and the prose 111*0 of a pmkI assortment of spatangoids, 
lacking on North American counts of corresponding latitude. Whereas 
heart urchins are common objects on European coasts, (hev are almost 
utiknowij tostu<ieiits of 2<M)|ogy in the I'niliHl States. 

As miglit be anlicipaftHl. many of the litfr»rul ^‘^•hinoirls <,( tl»e Mediter- 
ranean and tlie adjacent North Atlantic evtend dcmii the west coast of 
Africa either in the lypical form or av an African sul).sp,'cics. This west 
African coast coJl^1jtn^c^ thv fourtfi grcai trn|ij<*al-siil»lrr»pjc«l faunistic 
area, thceasleni tn^pit'al At lain ic. wliirli broadly extends from (lihraltar 
10 the lo;ycreiid oi the (hi If .»f (niinca Ektnan 1 1 remarks that (his 

area is faunlstimlly tfic p.Hir. vt <,t' all tlie (ropjcal-subtrot>ii nl regions as 
the sandy bottom prevents the formation of coral reefs, and the hnk <if 
rocky hays and otficn* irngularltic^s i.s nnravoruhle for the <h've|opme?it 
of a rich fannn. In addition to contninirig a iiumhcr of .MediterraTioan 
Olid southwest Ihiif.iicun s|)eeies. Ilic echijiold fauna liere ha.s many 
macs In common with the West Indle.s i Kindlier, 1911; Morten.s<'n, 
IIM). Some of the mi»st cliar:icterlsijc \\i-^i (ii<lmn urchins, as huifhmu 
(fninlarum. Trif,muxtis im/rirfmt. ari<l hirhinfmn/ra lorunttr, are also 
round on the IrojHcal African and ICurifhris Irihuhitfrtt is repre- 

sented there hy an African sMl)s|«»ci<-H. Tliere aix* also a number t»f 
J'oprcspoiidiriK sjM'<ies In^twism the two areas as flic West I ml i an /*h(jw- 
gra,ufn and the African /^ a/nWtnnx. The sand dollar genus 

>totu(ayynU two speci<*s i Eig. l7Xd. fi, i.s coiifiiicHl to the tropical west 
‘‘oast of Africa. 

( omm«»n ochinoids ot north Kiiroi>eari nml northern North American 
oas « may extend into arctic and sulnin-tic region.^, and hence there are 
‘0 eehinoid specie distinctive of fur-northern waters. Psnmmccfiinus 
i mns. hell inns ^scnlenlu^^ and ICcfiinusacutus nonxgicuis continue along 
c .\orvv..B,aii coast to its iiorlhcni limits, and the Iasi is also found in the 
mil n .Va 7,1 latitude. Sironggl. rfro/wcA is a eircum- 

oiurspencs uihahiting l,„th the Xorlh Atlantic and I'arilic, reaching 
Jit tiorlherly dUtiibution in Discovery Bay. north of Oroenlaml, 

Jai ‘ latitude; it is also found north of Kussia and Siberia and at 

to P"X‘11'IS extends along the Noinvegian coast 

ticilh alitnde, and a similar disiril.ntion ohiains for Spalangua 

thp r."'"'* cordalum; SfhizaaU’r tragitU co.itinucs into 

is leJ “"."If '“titi'dc- The fauna of the North Pacific 

norfhAf^^ “oun, but here also StrongyL dri^achiensis is the most 
!nnr,\/ ■■anging species, being found in the Bering Sea; Strongijl. 

■ "'>"a and Echinar,u:hnius parma go as far as Kodiak Island, and 
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htmfraslrr vArriUrictfs to I’liala.^kn in tin* Alonliaoi^. If is thus clear thal 
all the littoral cdiinoKlj* of arc I to and siiharclic waters range south to vary- 
ing dogroos and arc not clmiuclcrisllr of thpareatDoderlein, 1905). Theie 
is further no rcsomhlanoo hot ween arctic and antarctic echinoids. 

The antarctic, especially the South .Xmerican antarctic, has been 
explored by a succession of expwlitions, following that of the ChalUnger. 
which passed through the Strait of Magellan. Antarctic echinoids have 
been reported by Koehler tUtOli from the Belgian expedition, Koehler 
(HK)8f from the Scottish cxptHlitlon, Mortensen (1909, 1910) from the 
(Jerman and Swiillsh South Polar cx|)4*<li lions, respectively, Koehler 
(19121 from the .s<Tond French exploration, Hell (19l7i from the British 
antaretie expe<lltioii. Koehler \ V.y>iv from (he .Australasian expedition, 
Mortensen (198(b in the />f«c<wvn/ ivports, and Mortensen (1959) in the 
reports of the Hrilish, Austniliun, and New Zealimd antarctic expedition 
From those accounts it appears that the littoral echinoids of the South 
Amerii'Mii antarctic are mostly limit ixi to the cidaroid, echlnid, and 
spalangoid groups. The antarctic Is Hutlvcly rich in <idaroids, many 
of them with ImuKling hal)its. but they all behnig to a limit(*d immi)crof 
rolnled licncwa, natnc*|y, A*e/o<*fd«rM, <'/tn4trnhrta. lOiifiichocidaria, and 
Aiiittroci(farix: further, it appears that all the species of lhc.se genera 
(about Id} are liiiiitetl to the antaretie and subant ardie. One arhaciid. 
.Irharm dn/rrs«N. Is a eharacterislic sj)ecies of the southern tip of^outh 
America, extending northward along both the .Argentinian and (’hllcan 
(•(Kisis. All five species of the eehinhl genus Stircchinua aie antaivtic 
or Ku bant arctic, and LojvrhimiH ailms extends from the Strait of Magellan 
to Pern and tip the Argentine const. Although the Teinnopleiiridacai'c 
characteristic of the Jiulo-Pacitic area, the genus Ps4-U(icchinus is mostly 
limited to colder waters, and one species. mfitfcifanicns, is definitely 
antarctic. There is a considerable variety of spatnngoiils in the South 
.American antarctic, many of ihcin with hrmnling habits, including 
*peclcs Ilf the genera Ahatua. AmphintuxUa. Tnpi/las{o\ and 
totaling '22 species. Other antarctic spnlongidds are Hrisaskr niosclcyi 
an<l /^Ivxechinus nordrnxkjoliii, Spe<*ics typical of Kerguelen Island 
in (dude CUnonHarh ruttrix, Sfrnrftiniia t/Mtma. and .UnitMa cordatna 

There ha.s been little liiv(*>.ljgatiori of the e<'hinoids of the eastern 
coast of South America, hut iwently HcnniM'oni (1917, 1953/ hnsj'cport^ 
on Argentinian echinoids, limling them to l)e a mixtui'C of a few spc< iv* 
dc.sccnding from wanner waters to the north with a inajoiity of antarctic . 
and subantartic forms spi’eading up the coast from the south. 

We may now turn from the littoral species to the echinoids 
waters. The exist ence of a rich erhinoid fauna, in general .«po< ifU‘'J ' 
ditferent from the littoral fauna, in thearchil>enthal zone, thal is, rough > 
from 200 to 1000 m., was revealed by numerous dre<lging expedlnoii-v 
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as «•<?]) as a variety of deeper forms, ranging to .'KNK) m. Among the 
early famous dr.'(l(.ing expe<liiions was that of Wyville Thomson ( 1874 ) 
m the />err»p,„r which d.e.Jge.i ,ho Xorll. Allan, ie from the Faroes to 
Gibraltar and brought to ligh, for the first time meml.ers of the curious 

all depths between 1000 

and ttHKJ m. Pnor to his report 1 1 As| i on tla- . .•hinoi.ls eolloeted by the 
Chalien.j.r .\Ba>s,7 , 1800 . 1870, ItvSU, had Mii.lie.l the eehiiioids 
taken h,\ the /«,,/•, ui its lire.lgmg. j,, ()„. fariblH-an, Cnif of Mexico 
Horuk, and lheMe..| liuiie.s. I lrhiimids weredredg.si from tlie ,Ulantic’ 
iron, Spam to the Azores by tl.eya. ht Ihron.l.ll. t.elooging to ,he marine 

station a, Mom. IStiK,. I„ Hm,| .\ga.»iz re,.orled on tl... 

eclmioids of deej, uuter in th.. Paiuimie r..«ion, and Oe .Meijen |nibii.she,l 

an uerottnt of t,y the StU,.,'! in ll.e Netherlund 

bus In.iies. I he the Cerimm Deep ,^,.a I'Atie.lition Were 

tniited by and MorleuM-n illHfl, I!lo:i g„u. an 

«temled desenption of taken by (be Danid, sin,, lu.jotf 

1 tin Nortli \tlantn- belo,x-n .Ian .Mayen, the |-',.r,M's, b-elund an<l 

in‘?mo'- . • ' drislged by (be San 

IdlO (eebinoHU by Crieg, IlL'Ii. Sixty years after ll,e Hhhc expo- 

tons the West Indian ivere again dre.lg..,) bv the MhntU 

• -I laik. l.lH i, l-.<.|iiiioul.s fion, the dnslgings of ll,e .Uh„lroH> in 

M ,n Il',r'''''el"‘ Muriel, sen (1027, 

aiWul innel, to our kiiou ledge of ll,e .s hinohls of deei,er xvalers 

Ihe assei,.l,|,d information .shows ihul llie ei.laroids are predomi- 

OW,;, I"'’"’"' ll. ,<p,roci,larh, 

are b, ?I''*i’ eoiisisl almost wholly of 

arehiben "idelv ranging 

'lx- 'Vest Indies; fVdork 

'Ve Si,?’''';'; ' "H-yard to the 
Atknti f ' „ eharar teristie nrehin of the North 

'aim II , 1 Isla„d,s, Sl,rcoci,lnHx 

Japan’ and J''"" w'’ 'lx- '-asl eoasi of Afri.’a to 

to w‘ -'"““'i'- f»n„ Jeeland 
'-l.-os and the Cape Ve.le lsla„d-s. A., example of a 

dimes (F 1 - ; aith oar-like aboral 

^oid, [ f , "'«• /J/oG. ditalgmEs. -l-here a.v also a few al.yssal cida- 
"'•'■''al'l'- d suZtS't’l ”' 7'’ «'-"e’x|>hx' vaHants is 

* >'om thi* anhirHir at '>iM) to •>725 m. 
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Tbe entire family Echinothuriidac is archibenthal and abyssal, except 
the genus Aslhcnosoma, mainly littoral. One of the most common deep* 
vvatcj* species is Phormosoma phcaila, first found by Thomson in the 
dredgings of the Porcupine, dislri billed all over the North Atlantic from 
leeland and Oreenland to the West Indies and the Azores at depths to 
2o00 m.: Phormosoma bursarium occurs throughout the Indo-West 
I^acific in the arc-hihenthal zone to 1600 m. Other echinothuriids 
ranging from the arehibenlhal into the abyssal over ividc areas of the 
North Atlantic* are Sperosoma grimahfii. Jitjdrosomo pelcrsii, Cakeriosoma 
hi/Hfrix, and .lerosowa fvm s/ratum. Strictly abyssal are two Pansmic 
species, 7 romikosoma hispu/um and panamense, /Jrmiphormosoma 
paun><])inum off the Philippines to nearly 4200 m., and Kamptosoma 
aslrrias. from the central Paeilic. at depths of 3800 to Aim m., thus one 
of the rnoftt abyssal of all whinoids. 

Fhc small family Saleiiiidae also comprises mainly ai'chibenthal or 
abyssal members. In this category l^eloiig all of the species of Salcno- 
ctdaris, of i\hich may Ik* meiitloiie<l vari spina and profundi, widely 
distrilnilcHl in the tropical and subtropical Atlantic, and hasfiffcra, 
^•ommon in the In do- Pacific. The species of SaltmiQ are Inhabit ants of 
the deeper littoral and arc*hi]>enthal zone.s. Sa tenia uofsiana (■ patter^ 
soul. Mg. 22 Kb U limitwl to the W(».st Indies, and the other species 
occur in the ludo-PacIfir area. There arc a few abyssal arhaciids* 
mostly kno'vn from one or a few specimens, as DiafUhoeidaris (jc nun if era 
from the Pauarnic region at 32 .m m. and Pi/ymacoeidarig prioniger from 
the Indo-.Malay region to 2860 m.; Coehphurus Jloridanus is mainly 
archilu'nthal, although occurring to 2380 in. in the West Indies and 


extending along the coast to the ('arolinas. 

The family Aspidodiocicmalidae is also charactcrislirally archibenthal 
and abyssal- All memljers of l lie genus Plcsiodiadcma i ri habit t he abyssal 
zone except the archibenthal lmlo*Malay species indteum (Fig. 223i)i 
globulosun and horridum are Panamic species to over 3000 m., and 
antiUarum occurs throughout the tropica] and subtropical Atlantic from 
the Caribbean and Brazil to the (‘anarics and St, Helena, de.‘«conding to 
a depth of 3000 m. The several species of Aspidodiadema belong to the 
archibenthal of the Indo -West Pacific area. 

The Pcxlinidne are for the most part archibenthal. allbough they 
extend to 2000 rn. (*aenopaiina cnbinsis h found throughout the warmer 
North .Vtlantic from the West Indies to Nantucket and the west African 
eoast. indica and annulafa are spitJid thixiughoni the liido-Mal®)' 
region at moderate depths, and two further species oceurat the Hawaiian 
Islands, In the Micropygidae. .U icropi/ffo tuberculata is common in the 
Indo-Malay legion at depths to 1340 m. 

Although the Temnopleuridae arc for the most part littoral urchins. 
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the genera Pnonechinu», Hypticchinus. Op.chinu,. Trigonocidarh 
Ureehinus, and Lamprechinus are typieally arrhibenthal, with some 
^tension into the upper abyssal. Trigonoridarh alb, da is widely dis- 
tnbuted from the A\est Indies to the ea.slern tropical Pa. ifie, and Orr- 
chinui monohm is a wUldy sprea.i In<l.. W.-st Paiitie form to *>300 m 
The clypca-stroids m Rei.cn.l Ik-Iohr in tlu- littoral zone, but manv 

0 the archlben hal and U|.,K>r «I.y>..al, notably Kchinocyamu. macro- 
stoma* wuMy ilistril.nt.sl in the North .Vllanti- from the West Indies 

I6(W to ^300 n, nice are many al.ys^u| f„,,ns amoiiR the spatangoids. 
The famiK- I rechimdae is wholly abys.^d. and some of the deepest recoids 
or ochmo,d.s .....ir in this family. In the «enus freedom*, eonhnedt 
top waters, may be rnentionetl rmrr*m„>,*, di.strib.ttcJ thrrnishout the 
Atlantic from flreenland to the antarctic at ‘70 to (KID m., drygalskn 

■^000 to 30, TO m. Ihe Renos HhmoPrhim,, i.s „|so wholly abvs.sal 
ST'^ ;J ' 7.“'''“ »• «'>'=.retie a, depths of :-(H)0 to'over 

«, / 1 ? • “ /'• "ordvndjotdi but I> 

P ctoWi* ,s URnn. extremely «l,ys.sai. jmlaing by the single wroni of 

rr/tem '‘l-'Hes in the Calynmidae, fVi/mc 

to. comes cl,s,e to tin rcord. Iming fonn.l in the .Ulanlie near 

'hMlermudas „1 ,s T,,e re also tvpiealh aS.yssa 

jhooKh some species aseeiul into the arehiUmthal and even the liUoral 

North .", 7" 7'’’'"''' found throughout Ihe 

^^7- of I.TO ,0 3220 in.. /‘.Jr, Trey,,- in the far North Atlantic arlS 
to^2rio n "1' r T"''’ i"'" 'he Kara Sea, at 50 

Atlaiuto \7' , i "''rir pY"''. -i-I-ths of the 

the antA.-.;i 7 onrtaleMidiie appear limited to the aby.sses of 

drbaTTf “! Poorlalrma hi^pida. aoror'a,^. and 

«iiu ( ceratophffKa (31 (r, io UKiO m ) " 

iHK into he Il il „ spread- 

‘fopieal and St^o ' «-«m'»only into the littoral, mainly in 

West Inf "I't'^oP'eol areas. .Some species appear limited to the 

!-inopncmc, tonm";r -•faf/meopneaste* hycirix, 

Wristic of the 7 "‘"""'“'"P"* /'•Off'/ts- Others are eharac- 

• pciips of this, genus, Argopatatjus rifreus. and Fah^- 
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trcma lovem. Une paleopnuestid, Delopata^us brucei, is found in the 
antarctic abyssal, at 4433 m. The small family Aeropsidae, ^ith genera 
Accsk and Acropsis. consists u*holly of abyssal species, with records to 
.> 1 (W m., the depth record for the echinoids. The Hemiasteridae are 
archihenthal and a!)ys>al, represented by Ihmiaslcr cxpergituSy common 
throughout the North Atlantic from Ireland and Greenland to the West 
Indies and ('ape Verde Islands, at depths of 0,50 to 3200 m, The genus 
Ihisasfer js rather confined to archibenfhal and abyssal waters; the more 
common spoi^ies arc /f. frayilU. subarctic, extending from the Jlarcnts 
i'ea anil the iXInrman coast to Bergen and the Faroes to 1300 m. depth; 
IS. fowuM'ifth and /ur/frows (Fig. 23<)/;i. from Panama to Alaska to 1800 
or 15100 m.; and B. mo.^drifi fi'orn the Strait of :\Iageilan. The genus 
Bnssopnifi is also rather addict e< I to deeper waters: a characteristic species 
18 colunihorLf in the Panamic region to 2280 m. 

From the foregoing survey it is evident that then* are no cosmopolitan 
s|«*r u'H of urchins. The heart urchin ICchOtocartliiim cordatum luw the 
wulest disirilHition, incurring, outside its typical home from Noiivay 
and Ireland along north Kuropean shines into the Mislilerrancaii and 
along Morocco, also around Smith .Vfrica, Japan. AusiraiU, Tasmania, 
ami XewMvahuid. and in the Atlantic from Brazil to North ('urolinn. 
Also of wide di>.tri I >111 ion is the common I n< I o- Pacific speiacs JCchinonwIra 
mfifhati, which with its geographic variants extends from the Rod Sea, 
east const of Afriia, and .Madagasi-ar throughout the entire IiicloAVcst 
Pacific region, im ludlng Jajmn and Australia, to the Hawaiian islands, 
and even to (’lari on Island st*veral ImndrcMl miles west of -Mexico. An 
even wider ilisi rilmtion iu tropical was is shown by Kelt i hoik u:< cyeh- 
stonius whirii. in aildition to m’cnrreiice througliout the lado 'Vest 
Pacific in its broatic.si m'h.sc. n a|m> cominon in the West Indies: hut it is 
wanting from the eastern tropical Ihicific and the we.«t coast of 
(eastern trojiical .Vtlaritici. There aj>t)car to In* no species common to 
the Atlantic and Pacific (Vwjsrs of the .Xmencas outside of polar an<l 
subpolar areas (as Strongi/l. (frolMtchirn.six .mil Kchinaraehinhin jfnrnia in 

iho norlhl. Ii hax been not iceil that theix* are man v species in comaion 

in the warmer pari.' of the eastern and wesleni .\t)anlic. hut this is not 
true of the Pat'ific. There are no spwies in common Ik'Iwcoii the Indo- 
Pacifh* and tlie tropical eastern Pacifie. The distance, of course, hemif^ 
very great, hut the true reason i-s the exist en<*e hofwcen Polync'ia and 
Hawaii, on the one hand, and the western cmist.' of the America', on the 
other, of a wide -‘Stretch of deep water without islands tliaf cannot he 
passed by war in- water littoral spocii's. thus con.'li luting what Ivkiiiaa 
(1953) terms the Fast Pacific Barrier. .V' already indicated, many of 
the liuio-Pacifie littoral s|XH ies rnaiuigc to gel a» far as the Hawaiian 
Islands, and one. Kchinonutra matUtMt. has even arrived at ( 'larimi 
Island, hut none has reached \meriran slmri's. 
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Wide range of horizontal distribution is often associated with the 
formarion of distinct get^raphic races. One of the most variable species 
w tchinut acutu!,, mth one i-ariety in the Mediterranean, another off the 
trench coast, and a third along the const of Xorwav. On the other hand 
some widely distributed sp, ns Strong.,!. ,lr,J.ochi.niu and Kchino’- 
cardinm cordntum. appear morphologicnlly ideiiticnl wherever found, 
-lany echmoids aNo have an cMen.sive vertical distribution While it 
IS to be expect.-,] that archilM-nthal s|..Hies will range into the abyssal, 

as there is no sharp boundary l.clwwn two zones, it is rather 

surprising to find many .s|„.,.ics cMciiding from the intertidal zone well 
in 0 the abvssal. This is tnie for a nutniH-r of comiui.n echinoids of 


m<7o, vvhj<*h are 


European coasts, as AWuaas ocl.u. an. 

ibiited from shallow waters to depths of lrt>lween HMH) and 2000 m. 
■ tr'mgyl. droliarh, „>■!>.■ rn.iges from the inlertidnl zone to 11,50 tn. firoat 
U-rlical range is also shown by the spa,.„iK„i,|s /faster froj/iVfs, K) to 
l-’OU 111., and lin^soprir lynf.ro. 1,5 to I l(K) tn. 

*[.vl'iidizalion bctw.s-n cl..s.-ly rehii,-,l species is not imconiinon, and a 
'"‘"••■I- of instances are re.-ord.sl b. Mortens.-n in his inoiiogiaph as 
"l«een the .-oininon l-aitopeai. »,«-.-i..s of AWon.,,., In I’lig.-t S.ain.i, th.- 
iri'.’ sp.-cu-s ol SlroiiyoliKrnlroloK may inierbr.-.-d (Swan, l!).5:i), an.l 

thim.viiid”"*' ••‘IK'.'imen among several 

32, Ecology ; Biological Relations. Despite their armature of spines 
poisonoiis p,-.li.-ellar,a<-. e,-liinoids may be eat.-n by „t|i.-r animals, as 
to- I'li'l ••''•<l.s; 11 ..- last mav craek them 

rL ."‘V-''’, I'"'' ■>" 'l-he g.ma.ls when 

ih^- 1 n '•'I'fii. either raw or after roasting in 

li-ill Shel , by man ... various parts .,{ the w.ald. l->h.noid gonads 

-l>"-i«'lv those of /W 

euting of ' i ‘T ' 

K '''''B'>iu'd.sof Aoz-.rAin»saH.„x. naisKsI in ihehaif.shell Hick- 
raw 'il!' “ ' ""”'"•■-‘‘''>"<1: the California e.iasl eat 

wumJ ' '''^''I'KI'tindeurehin {Slroog.,!. fra„n„ca,„.,j. Trip- 

• t iisH.ij UM-d as f.HHl by the natives of New Zealand. 

members of the 

“Pmes that ««• provid.sj with poisonous 

4pro-u hedt , and dia<loniatids when 

'"■'J small ( "“i'"'" especially crustaceans 

'l"‘<lt-ii;.ti,U " “'"oi.g the spii^es of 

Th’‘"“ 

-immnls. The sp,„es of .-..lar.a.ls, lH-.ing .levoid of a living 
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epidermis and often having a woolly surface, are usually overgrown with 
a variety of sessile organisms, as algae, sponges, hy droids, scant bids, 
anemones, bryozoans. brachiopods, tubiculous polychaetes, barnacles, 
and the like. 

It has long been known that the digestive tract, chiefly the large 
intestine, of many urchins harbors entocommensal ciliates, often in great 
numbers. These are mastly hololriohous ciliates (I, page 183) and do 
not appear to have nmlcrgone any morphological alteration in correlation 
with their motle of life, Jarolxs (I9H) found that the ciliates of the 
intestine of Ihadema antillarum would survive only 24 to 30 hours in a 
dead urchin, and in the removed intestinal contents plus a little sea water 
would die in 2 or 3 hours to 2 days, depending on the species; the four 
dilTeront species harbored by this urchin thus exhibit dilTercnt capacities 
for survival outside the hast, although all live under the same environ- 
mental conditions within the host. A considerable number of different 
species of ciliates, all ta.Konomically distinct from froediving species, 
have been found in nivluns. and no <lonl)i many more remain to he 
discovered. Maupas (1883^ <les<Tibod (’ryptochilidium nhini from 
Paraca\(rohi>!i lividua in the Mediterranean, refound hy Powers (li»33), 
who also found two other species in this urchin. Strong yL drdhachicniis 
harbors seven <lifTeront kinds of ciliates (Madsen. UWl: Powers, 1033; 
Heers, 11)18, 1054), namely. EfdodintHu fwrro/M, also fotind in ErUinvjf 
rscuknlns {llontschcl, 10-24) \x\\d Pmmmrf'hinut miliaris (Madsen, 1031), 
further, Madsmiti indomita, Biggaria graciHts ('ycUdium xtcrcorU. 
i^lngiopijla minuta, Kuplotra hattrata, and a S|>ecie8 of Trichodina. both 
the 7 richodina an<l the EuptoUs also occur on s(‘awc*etis and on t be surface 
of the urchins, and the former is present in such srimll numbers that it 
may be regards! as a chance inhabitant of the urchin intestine, bul the ^ 
other live species are obligatory cnlocommensals, and the first three sw 
almost invariably present, often in enormous numbers, tip to 1000 
individuals of each in 0.1 cu. cm. of intestinal fluid. The ciliates arc 
usually limited to the large intestine. In a detailed study of Kntodi9Cu’^ 
borraliB Powers (1033) reported that it swims about or clings to the wails 
of the large intestine or in its folds and might live ontsido (lie iirrhiri for 
15 to 23 days in hanging drops. Sonic pass out in the fecal pellets and 
young urchins probably gel infecle<I by eating fhe.‘'C, Some other 
holotrichous ciliates found in European urchins are ('olpidvon echini 
(Kusso, 1014) and Anophrya echini (I)i .Mauro. U)04l in Pararentrohi^ 

licidiLB, the latter also in .IrWid lixuh and Sphoerrehinms granuhriB. 

The ciliate inhabitants of Japanese nrcliins were investigated by 
Uyemura (1934) and Yagiu (ia33. 1034, l<J35i. The common .Japanese 
echinometrid Anthocidaris crossispina is said (o harbor at least 12 distinct 
ftpecics of <4 bates, of which. howe\er, there are descTil>ed only Entori’ 
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phidium Jukuiy Crirptcchilidium 9igm<nd€9, minor, and ozakii, Cyclidium 
otakii, and Strombilidium rapulum, an olipotrich. CT7jp(Qchilidium 
ozahii was also found in other common Japanese cchinometrida and in 
Temnoplcxirnz ConchophlhirinH ntiiahis occurs in great 

numbers in Japajiese slrongiloeenlrotKls; furrher, in Pstudocentrotus 
depreezui and Me»pilia gtohuiuft. 

Lynch (1{)‘J9. VXiOt began a study of the ciliafes of ('alifornia Sirongyl- 
ocrnlroluM, which unfortunately was never He reported 12 

species in the intestine <»f .S. purpuratun. siune of which also occur in 
S. franchcmiufi. but nanie<l mnl cloMriUsi only five, Pfitorkipidium 
echini, tenue, prVnfMm. and mutlinucrvnurkatnm. and /.vchriopyla mysUix, 
all holotriohs. 

I rchins of the licrmucia'*W<'st Indies* Carolina area have been 
examined foreiliates hy Itiguar Lucas {193U. uml Powers (1033, 

1035). Characteristic tif eehinoi<is of this area, not so fat rejxnletl 
elsewhere, are hetercUrichotis eiliolts of the genus ,Ur^c/o/.v (I, page in3). 
Meiopiis circnmhltnsi is extremely Hliundani in fiuuUmo oulillarum, 
"'hich also harbors M, rotnudi*/*; M . Unfirnstntux is liiniled to ('lypvnnier 
ro«nrc«fi and M. hutophoyue to ('lyptaKhr MuiuUprvKeu's. Ajtpurcntly all 
die common shallow- water <'chinoids (►f this area, exce[)t Euridaru 
inMoidm, are infected wilfi inie,slin:il eilinte^, ami most species of these 
are found in rnoretliaii one kind of iireliin, although usually must coinnion 
in some particular species, /^yhrhintsft raruyotUM is the mu in host of 
f ^Uphchilitiinni hermiidi nnt\ Anophryx rermidifortnis, rlonijala, aii<l 
Of/h/cus, an<i Co/pm/o frayitis. Cryptothifidium tchinonutrix is most 
•xnnmcm in Erhinonnfni tneunttr. and (’ohinirmbux rom in Tripnenstrs 
» V ntriroe as . Pn Unl i ttx xnl/ u Utn s a | >p)ea rs I i i n i t (<( 1 i o s] h*c ies < if ( 'lypt a r 

Hher holotrichs found by Powers aix* ('yctidium rhalnhUctnm and 
>^tercori>t. 

Other Pi‘otozt»s* asstMiatcxI with ecliinoids include aeepholine etigre- 
Rarincs of the genera lAlhocyxiix and I'rn.sjHjra (fioodrieh, 1915), uluijui- 
fnns in the ccm-Ioiu of Knrop<uin spatangouis, such as Kchinocardium 
[|° Ml""* and SpntamjuH purpnrntn. Cufaiot (1912) mentions a little 
agellate, (hkomouax ichinorum (prolialdy ineormUly named), common 
in t 10 coolomic fluid of urchins on the Fixau h coast, apt to be confusexi 
"ith tl,o vibrafile cells of this fluid. 

^ Ihcrc .seem to Ik* no genuine cases of asscHdation of ecdiinoids with 
r'' , apart from the mere use of spines as attachment sites hy 

c-tenophore C<Jo/op/aaa bannworihi 
• ound creeping on the spines of tH<uhim savignyi in the (5ulf of 
^7. (Krninhach, 1033), and Cocloptona cchinicola siinilarlv on 7’ea:o- 
P'‘cu^/c8 pikoluz ofT Japan (Tanaka. 1031). 

• otahlc entocornmonsals. or p<»s.sil)ly somipara.sites, of cchinoidg are 
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the I'habdocoel tlai worms of the family Umagillidae (II, page 140), of 
which new species continue to be discovered (Westblad, 1953). These 
are less common in echinoids than in holothuroids, but the first described 
spc<'ics, Siffuiesmis cchinoriim. inhabits the intestine of common European 
nrcliiiiN, as JichhiHti cuciilaUux and qcu/uk, ParaccHfrotus lividuSy Sphaer- 
<rhhiui} ijranufaris, and Slronyyl. droftachicnais. Another species, Syn- 
r/rxmfs { = Syndisyrinx) francisca/ia (II, pa^c 141 1 lives in the intestine 
of Didflrma anlUlarnm and StronyyL frannscauufi. Recently a species of 
SyiKlmmiH. S. dt'/idrostoruiHy has ))ocii (lescril)e<l froJn the Pacific Coast, 
sand dollar Dcndrostir exccHtricus (Slunkard and Corliss, 1951). This 
IK tlic first finding of an nmagillid in an in'Ogular ecliinoid. but soon 
thereafter West hi ad (ID.V^i report e<l .l/orrns<f/o e/rfonVfesa in the intestine 
of Spofamjun purpurctis in the Engli>h Channel. Heart urchins are also 
hosts to acoel fiat worms of (he geims Avayina <11, page 131); .1. incola 
occurs in the intestine of Echinocardium (Ix^iper, 1901) and .4. 

ylandiilifci'a in that of Spafanyus purpurens (\Vestf)lad, 1953). T'va 
polyclads, a lct)loplanid. (*vrofofdnnQ colobocenlrofi. and a .slylochid. 
DiMCotdi/lochu^ parniH. have limi found sheltering under tlie surf-dwclling 
oehinoinetrid <'ohh<>fvfdro(uit airatm* (liwk, 192,5). and this Is the jt'gnhu 
habitat of at least the former species. Morten.s(‘ii (1921 ) jxruids that olf 
.Japan .l/rspiVm ylohulua “is very genevully infeeUtl wiili a Ueinntodo 
living in its genitu) organs and deslixwlng t]i<‘s<* tnor<* or less coinpielcly. 

An amazingly large draeunculoid iiomattKle, /*liiloimir<i yrayt. 
of whii'h the females reach a length of 159 cm., was <h's<nlH'd f).v (Jernniill 
and von bin slow ll992) from theemdoin of prhiuus rxculnihm off Rritaiii. 
rp to four iiulividtialx might l>e fonml coihnl in the coelom. Ihis 
occurrence is rather puzzling os there .<ccm (o Ih» no further ivcoids of I hr 
finding of the nematcHle in this very eominoii urchin ami as tlic species of 


Philomrtra ix'gularly panisitize (ish till, page 370 1 . 

Some other eehiiuKlerms appear more or le.ss consiiintly a.ssucintctJ 
with echinoids. A peculiar synaplid cueumf>er. TaniifH/yrii< nd<iriili’s> 
has twice lieen found on eiclaroicU in different I mlo- Pacific Usalitics aad 
seems to live with the p<i.slerior part of i(s IhkIv coiled around their 
primary spines (Ohshirna. I9I.>; Morleiiseii. .Mon<»ci'«^« Several casc> 
of commensalism of ophiurolds with echinoids fiave hoen report cfl 
('ainphcll (1921), studying ('alifurnian intertidal ophiuroids. (dleii 
found ()phiop(friH pa;n7/o*<i attaclnsl arouml the jiioulh of Sironyy* 
purptiralua, but Ricketts and Calvin (19.531 do not mention any such 
association. Mortensen (^lonogr.) remark.s that an oplduroid “is not 
larely found attached to the apical spines” of the cidaroid Sc/tizoridari^ 
asst m ilia. In 19^43 he reported finding a minute ophiuroid. with a di> 
0.5 mm, in diameter, Xannophiura hyafii. attacho<l oral side down to a 
oral side of a large samI dollar, CtypcaaUr in the Simda Mraii 
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Opkiosphaera insignis was taken by Morieusen (1933; ia association with 
Toiopneustes pileolue and Diadema sdotum in the Indo-Malay region 
This IS one of those ophiuroids in which the small male lives permanently 
attached to the female (page 023 k 

Several of a;4.Hc>riatioii i»f pohvhaHo annelids with echinoids are 
on record. Marcn/eller ( ISlt.'.i f<,n,ul that the spine.s „f a, laris cuJuris 
brought up from the dee|HT waters .if the .Medilcrraiiean ofien hear the 
curved tubes of the little h.-r.n.-lli.l p.dvrhiiete PhoUrod. mma cuhrio- 
philuHi, which apparently ihsi-. not live els<'nhere. Ciiihiol (1!J|0) 
reported that a p.ilychai'le, Siphiiiioslitimi iliijardini, is .•.instantly pi.'sent 

on P>amwcrhi,ii,s miliaria a.i.l p.ilynoi.l, \lalm„r,m,<i nmlanai i- 

often found near the mouth .,f Simlonyim ,...rp„r,„s. h, yforlense’ii’s 
monogPaph mcniion is mn.le of the lin.ling .,f FhMli.jira ajliius on 
■chtnua racnlnilua, of a |>o|yn.iirl Worm on .s<-veral -sp.-eiinens of Srhizii- 
adans aaaimilis. nn.l of manj- sfn’.-im.-ns of ll,ipU,,llis rjmm,iriilu 
I'olwwii the spines .,n the oral side of an in.liv i.luiil of Asll, momma 
ronum. I he .lata ur.' I.s. few l., eslahlisl, the „ .leiinile 

eotmnensahsm in m.a.1 of lh,.M- ..ases, N.. .h.ul.l tl..< annelids r.il. Il.c 
e.’lmi..ids nf fiHKl, 

Kehinoids share with other e.lii.i.slenns rehili.Mis, u.suiillv riisadvan. 
’■‘neon.s, with mollnsks. l.iiH,. hivalv,., .,f ||,.. .]/„„ion.i„ may he 

'wnd on ih.. oral ,spin..s of Sp„lam,Hs ,,or,mrms living in the hnrr.iws 
W A, rordotom. .Vnollicr r.'lal.sl small hivalv.-, Snulur.liu o, ml, alia 
ay oeenjiy tin- hro.Ml pon.’hes ..f i|,c anlar.li.' Iir.i.slmg sjialaiigoiil 
ripylos rxr.oalos (H..rnar.i, IM'Mii. K.-l.m.ii.is :„v ,uvyo,l n|.on hv ih.' 

"7 «iiai!.s of familic-s .M.^lam-llidae an.l Slilifc.riila.. esp,-. 

'■ally hy the sliliferi.i genus P.U-rncria. may l.or.' into llie 

>iwe 111 the primary spines .if eidaroids. iialneing a gall, often of groles.ine 
ape, 111 ivini li one or more snails .Iw.'ll, ah., stuiiling the growth of 
•-I'liic (l{..ihhnn, 18S.-,; K.H-I.ler, I'rJli K.H-hler and Vnnev 

miei ,„<.,.|,.s .,f ||„. 

In It . of Prbioos. aii.l fasten their .-gg masses 

\i,kT K.iehler, HKIII- 

llin ‘ ‘^'i »' 'TtK "lasses eiinl ainiiig ot) (o 

feed ,m ‘ "" ""*■ l>|•'■''lmahlv 

l>rnl,„ ‘''•’‘'‘''T.'’ '"•'•I'i"- ""d some of thi-m live with the 

insei..!!i''' i->dnia. Ii\ed in the lest or 

and S7,rr",’si'-iV''".‘""''' -'/""enofm 

"""<•'"■'1 "> various nreliitis in the ludo- 
(1'J-V.ti ’^'■''''I’oiaii and Nierst rasz, JIalie 

'•'•hiiiui.^*''//' Milaiollo and Pitmomria on various Jai.anose 

^allioridaris craashpioa. Pmudorentroloa 
• and hindema sdosiim. 'I'lie lenmopleuiid Sn/moris hirolor is 
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Ki<*. i^lo, CniHlAccan pa{a«t1r« t>t (HhinoirK .\. Dirk/litia pffortMtomar, prtrflsHic 
pnj)p|*r>cl [o/frr ,Slr/>Hrnttn. IlKtik. D, Pfi*»mo4/f4m^fs pfutrmA^omnr. <><>t)^|»rtd IM 8*1/ 1'^®* 
jcvline iuto pdcIoiu fmm uiu|pt5i<lc of lo« («/!•' 191 iK C. cr®h Fahiti 

lodsed ill sno of rpctuni ol ('0^t>*K<H/fntu4 (nft'r 19(2). I. mitcnnac: 

l>rahi; <1. c«« »><•••; < 1 , waII nj sail: c^t<^nal «>|M<iMnK ol sail; G. rgt edge of *. pprlprot^ • 
8, feel of rrob; U. st'iiilM p(ntc»: 10 , i«>(iuinal plale^; JI. (MnUul.KTa; J 2 . inadrepufdc: 13. 
ffoiiojKirc; 14. tcriiiiiinl pnre. 


siil>jcc*t to attacks by a i>arasillo K»'**ro|KKl that at tac*h<>. it. <Hf and its egg 
masses to the* tost halfivay Ik*Iivooii I ho ajnUiliis and the apical sy.«teni. 
causing a nur cowing of the I lion*. 

Echiuoid.H arc often infosl<xi iviili parasitic copopods. Some of these 
dilTer but little from free-living inoml»ers and jvtaiii complete motility* 
they feed on the host by piercing its tissue.*, with their mouth parts. In 
this <alegory belong Astcrocirtni liolaccits and utinufus, attacking 
common European nix'hins. where up to *20 may occur around the 
periproct ((’laus. 1880: Giesbrecht. I8‘H); Cuenof. 1912): other recorded 
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species are Asttrochcrcs echinocoh ((Jiesbrocht. 1809) and Lichomolgus 
maximus (Scott, 18%) on Kchinus esculcntus. and Psnulanthessius 
Bauvagei on E. coniatnm (ClaoH. 1889). tMher c<»popodK reside perma- 
nently in or on erhinokls and liavo iinderg<»ne sonu* dejsret* of parasitic 
alteration. EchimrthuriuU arc c<|Hi*jally subj<H'i to attack- Most 
specimens of Uygroaoma piUr^i arc iiifcst<^] with tljc cojicpinl Ptonodes^ 
motes phormoHomoi (Fis. NNldrli csok^-s laritc spherical galls, o to 

30 per test, on the oral side projci-linc Into the interior: these contain one 
female and .some imich .smaller males, all impris^mcHl for life (Koehler 
1898; Brian. 1912; Bonnier, IMiSi. Smiilur galls are nm<lc on the opines 
of the same nrcliin hy <'nUoch>r,t^ iKo<‘liler, l81^8^ and of VaU 

veriosoma greteth (Hanson. and SjKr*jKomn nniurunciaic hy ('ol- 

vorhiTis gloiosus (Agasdz and Clark. llJtHh. .S|„.,acs of Phormoson.a 
are infest eel with iiiickIkt [>aradticully altcrc<l c<ipejuKl Oirheltna 
phormo>^o,me (Hg. 210.1 1 . which seem.s lo live in ihc inlesfiiu^ (Stephen- 
«en. V.m, lOlh’ii. ' 

Narious otlicr cmsiaceuiis have l«i*ri taken in association with c<'hi- 

noidij. An ostracsl wa.s found hy t IS 0 Si mi the spines arouiul 

llio aims of iSiroftij'J. dntlufrhh Bratlstrdm tlllihii rejiortcd that oO 
to 90 per ccnl of E. ronfntiim in the fWsimd arc badly infested with a 
•arnucle I fop/p/xr/mi tlnii n'semhics a sac nt I aclicnl to the 

inner .surface of the test with an c»iM-iiirig to the evterior through wliich 

die cypris larvae escape, 'rhe^se sacs project the goinuls wlihdi 

be so ilumage<l ns lo reiuler the heart iiiclnn sterile. It U well 
Known that an uinphi|»fMl ( ro/hot manua iiwAls in the burrows of F 
us an intpiiline ((Jianl, I87ti). aii<l Barker (1930) noticed 
another amphip<Ml. Ampfulttriis tuapulifanun. j) rev ion sly known as a 
'■‘;c.livmg toriu, persistently clinging to the dintal jiarts of the ahoral 
^pincs of Lytvclunus varicgatn.'i ut Bermuda; the creatures msisted removal 
fom the spines and would return ai once to them when freed. An 
aeul shrimp, Arclc dor so! 19 . rod firown with thiec pale lon^ritudinol 
lands, reKeml)ling the host in color, was found on Fchinometralacuntcr 
Ji muu by C'outi^rc (181)7 , 1 ; the occurrence of similar prolwtively 
ored .shnmp.s on crinoid.s may lie recall^sl (page 118), Another 

romnit ofiulis, clings lo the spines 
sen In«lo-Bacihc but is not protectively colored (Alorteu- 

Pin oliMTvers have notiml the pix'sence of a crab, 

urrh;» in the rectum of lw<i common littoral 

D.snc • ^11 ^ Paowcentrotus (jMo;^U8 

«on 10 9 " are infected (Jack- 

- JI-). Ap|>arcntly the crab when -smell for<*<*s it.s way into the anus 

ncriHin? wormmg the rectum into a sac that may roach to Ihe 
^e and m which the crab sits with claws protruding (B'ig. 240C). 
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In ( . ffihi/oKUg, lull not in L. albuSy Iho presence o( the crab distorts 
consul oral )ly iho a bora I part of the lest. L. of bus maj’ also harbor a 
poicolhmid crab. /V/rybMcs pofoijonfcus. that lives between the oral spines 
(Poller, Ib'il)). Re<*lnl invasion also obtains in the crab Eumedon 
roiu'ictor. of which the females (males unknown; inhabit large rectal 
poiudies of hvhinofhrix <iiaffcma and may evoke some test distortion 
(Houvier an<l Seurat. HK),'n. Lillie grapsold crabs of the genus Dis- 
soifacli/hts regularly dwell on ihc oral surface of sand dollars, grasping the 
spines by iheir l>i£urcal<*<l claw ends. D. mrllitac is found on the five- 
Innnled .Uc/bVo from \'iney:ml Sound lo Florida (Rathbnn, 1918), and 
/L fucopvi liven attacluHl to Eu^pe (morijinota, HondurRS ( Rat him n, 

1 I n t he Puna mi e region ihc species D. loclitujioni, nitidus^xanlfnm. 

muthi, and occur on one or more of the sand dollars MefliiQ 

and Envopi microptifo. gromfin. and cofifornica ((ilasseli, 1935, 
Ib^^li: Ricketts, I DU; Rioja, I1M4). f). toclingtoni is said by Glassell 

(Iddo) to remain utlach«l near ihe posterior lunnie of Encopf and lo 
clour away spines so us to make a roadway for itself to the anus, since 
thc'c crnl)s seemingly fml on the fece.s of the sand dollara; other species 
run about un the sand dollars. A repjvsi'ut alive of the Uulacaridac, a 
family of marine miles eouinining some iwrasitic member, was dose riho<l 
hy \ ids (I93H) from the intestine of /VrAiW/Wcma tndteutn. 

Some data are nvaihible on the growth and longevity of urchins. As 
nrcliiiis measure around I mm. in diarnclor al rnelamorpho.sis, one 
su])f loses ihul the larger speci<»s inii.st rdjnire several years lo attain full 
size. The following data on the growth of P«avimerhiuiis mifiaris under 
laboratory conditions are furnislu'd by Dull (1938): newly melamorphoMd 
specimens, slightly over I mm. in diameter, test 10 rum. in diameter at 
8 months. 20 mm. al 1 year. 26.2 at 2 years, 29-2 at 3 year.s, 30.3 at J 
years, 37 at •> years, and 38-7 al C years. Accoi'dlng to Morten sen this 
spe( ie.s may breed wlien I year of age. I'ho rale of growth is seen to be 
somewhat ii regular and the ratio of the diameter lo the height of the test 
also varied- .V somewhat more rapid rate of growth is lecoJxltKl by 
<5iieg (1028) for specimens of Sfronij/jl. ffrottarhiensis colled ed olT the 
Norway coast: 0.5 mm. across al metamorphosis, to 6 mm. acj'oss al I 
year of age. lo mni. at 2 years. 21 at 3 years. 40 at I v'C'ais, 50 at o years, 
niul 1)0 at 0 years. The largest speeimen.s, 78 mm. in diumder, wei'C 
piH'sumcd to be about 8 years old. X similarly rapid rate of growth is 
evidenced in Kim bird's data I M»22bi on Echiuus cftculculus, which i** 

20 mm. across at 6 months of age. 10 mm, at the end of its fir.<t year, when 
it may spawn, 40 lo 70 at the age of 2 years, 70 to 00 at 3 years, and 90 1<J 
no at 4 years of ago. probably the limit.s of its life. The diameter o 
MeUita scxicf^p^rforota al Bermuda wa.s given by Crozier (*920) ns 3- 
mrn. at 6 months of age. 57 at 18 monlhs. 70 at 3 year*, and 100 at 
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yeai'js. This spiH'io.s proliahly livr> ahimt I years, rearhiuii a mjuijmim 
diameter of 120 to 130 mm. Tbe^e data indieate that in nature erhinoids 
grow rather rapidly, may spawn at the end of their first year, and live 
from 4 to 8 years, depemling ,m the size of (he speeio.^. The findings of 
Orton (l<J231d sugge>i tfiat «rrhin> grow almut as well at Spitsfiergeti 
vnth a year-round temperature ol* ahout as along llritl.sh coasts. 

X. CLASS OPHIUROIDEA 

1. Definition. I he Ophiuntidra an* KlenthiToziHi of stellate forin 

with .slender simple or hrnnelusi arms sfiarjdy .^c'paiatr^l fr<,in the disk 
uml of relutiwly solul eonvimriioii, Mipporled hv ait jiiternal row 

of ossicles repivsrnt I ng andmhieral .>vdele>. w'jifi<in( arnlailaenil 

giooves, vsiih iMHlia re«hn-e«l to Hindi inipillac not ftrovirlial with ampullae, 
without anus or inti^stine or iran* e\ec‘ptions> digestive extensions Into 
t learnis, and typically with 10 ucaiil.m^splraiory |>oui hesiii the jteriphory 
of the disk, opening orally at ih<> .side.s of the arm h.-ises hy 10 nr 20 slits, 

2. General Remarks. The t )j)hiuroldea arc* lommonly known as 
serpent stars from the .snaky appearance of the arm.s, or ns brittle .stars 
from the Icaidc-ncy of tlie arm.s to hre^ak olf readily, i'lie name of the 
Hhs.s derives from ophtx. nnike. uml uni. tail, in ivfercmre to the resent- 
•hnice .if the arnrs to llm tail end of a .snake. .\h hough le.s.s emspicnous 
ban other elentherozmiiis from their small size, they are m*verlheless 

'•'•iimton and rainillar animals of the sc^ashcMf. rhey were recognized us 
diHtmet from usicroid.s early in the eighi.rrilh cei.lurv, although hinmieus 
^otidiined 1)01 h 1ypc*s nmh-r the name .IxfiriVix. by whici. he meant si ell ale 
or imcKlerins in genrral. Thc*> wen* first made into a sejiarute group of 
<^d*in.Kh*nns l>y Korhe^s i IHH i. and in IKI2 Mulh*r and Trnschel divided 
e Horpent stars into two groups, the (Iphiurue with .simple arms and the 
rvalue with hranrhed arms, an arrarigc*mem that still seems the most 
«atiHfuc.tory. 'rhe naino (>f>hiuroidc*a u.s an eehijicKlerm division separate 
.\sie*<)id..a origiimled with XcMinan (l8(i.)K As in the cu.se of 
^ H*r echinod.Tin dassr.s. knowUtlge c»f the Ophiuroidoa was greatly 
ui umre .1 by the study of ihc' iiialerialsMHmred hy the miinerons collecting 
• " 'imigmg exfMsIiiions lH*glrining in the latter part of the nineteenth 

'^^Ty and cunfinuirig. although with dinuriislnsj freejuency and seoDO 
the pifsenl time. * ’ 

Mum uc eonnts of ophiuroid.s an* (hose of Lyman (I882j in the Challru^ 
••.•porl.s (Jregory niNK)> in Lank.-ster’a A trea/m- on zoology, Ludwig 
aiirl Hroiin’.s Khsscn urn/ Onlnungcn Jca Ttcrrcichs. 

Work sooiogie. Apart from taxononuc 

‘^l^'»rojd.s appear in zoologic*al literature ehieflv as material for 
'"‘Ues ni behavior. 

A« cording to II. L. ('lark (19451. f here are af>out 1500 existing spec ies 



Ophiufoi<fea. j 4, OpAtf^c^mn. 
w of same. C. oral view of tiro arm foinca. 
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of ophiuroids; (his class thus ^u^passes in number of surviving species 
the other classes of echinoderms, except asteroids. It may be regarded 
^ the most successful ochinoderm group living today, and this is probably 
to be attnbueed to the smaller sixe niul greater agility of its membors. 

3. External Characters. The ophltjroids lack (he variety of external 
app^ranco .seen in the other eleuiherozcxm grciups. With the exception 
of the few euryalons forms with branrlii.l arms they all look alike, 
ihey have a small flatfeiuHl disk of rtMimlod, )>ent agonal, or scalloped 
<‘ontour, sharply sepuraKnl from the five irarelv .six i»r .seven) symmetri- 
cally plaml long, slender, smcKUh. or spiny arms. In those eurvalous 
forms known as basket Mans the dUk is larger and the arms branch 

ropcabHlIy, producing a besvilderiiig maze of iiilernijng|e<l liranehes 
tr ig. *43 1. 

The uboral surface of the disk may f.e sni<K)1h and ioatherv, or 
cwcrod with granules or small spines, c»r may xlo.w a iiurnher of imhcnlded 
plates. In juvenile speiamens ih<‘re is u.sually seen the jiriniltive plate 
arrangement ulremly des<Tlbod for juvenile osieroid.s ami echiuoids 
'lamely a central jdute surroundtHl by other primitive plates disposed In 
oiioentnc circles of live each. The outermost <‘iirle consists of the 
errmtml plates, and these, us in asteroid.s come to occupy tin* arm tips us 
'c arnw grow out. The primitive arrangenionl is still retained on (he 
uiak m some udull.s (Fig. 2A IM) but usually, as in asteroids, is lost by the 
ntcrpolution of secondary platc-sor the deposition of gratiules concealing 
oiHguial plates. Thus the aboral surface of the opliiurous disk often 
presents a complete coverage of .small plates of irregular shapes and 
ZQH (lug. ^Mosi conspieiioiis of the secondary plates and 

pparcntly ulwny.s present, although so mot im ex conceulr‘d from view by 
radmf shirith at the l>ase of each arm (Fig- 24l('’, D). 

CHo typically of considerable size and may bworne so large as to 
, from the periphery of the disk to Its center, like spokes of a wheel 
ophiurolds the aboral surface of the disk U usually 
^ granules or spines, or may be covered with 
scales; the radial shields are here spoke-like 
/jH, J'^’titer of the disk, although they may be obvious only in 

sr>L‘ ' ''' ophiuroids, and in 

•IH'< (OS the granules orspiru^sare llmiled to the rib-like radial shields 

(Flrr relative to the disk diameter and very long 

cloirrf.., , f firms may he smooth or show varying 

of crin. '^i Pr^’^^^nt a jointed appearance recalling that 

^^I'icsoH I protected typically by four longitudinal 

b-sx if’ life or more or 

«al(Hl by skm. Rarh arm “joint" fcorrospomling to an internal 



FiO. 242. — Types of Ophluroidea (continued). A. Op*Wcp*V c/rpon#. 'Ve.st Indio.*, 
with smooth arms. B, bit of oral surface of an arm. showing sliields. C. side view of pjt 
of arm. sheming small, app^c^sed spines, £>. OreUcttfrw fviuml/iana. British Columbia, 
witli exeeplionally long arms. I. disk: 2. radial shields; 3, oral arm slilold: 4, oral end ot 
lateral arm shields: 5, imerpolaicd oral piece; 6. lateral shield; 7. spines; R. tentacle scales. 
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ossirle) is foveml aborally by at. aboral arm shidrf. oi. each side l.v a 
lateral am. shieki, and orally by an oral arm shield; these shields mav be 
of ahmit equal site, tn.l often the ahoral and oral shields are fireallv 
rediired eoneomitant with enlai^etiient of the lateral shields- or the 
ahoral shields may break up into a „u,ul„.r of small plates or bc-ome 
part of a mosaie of interimlaie.! pjei-.-s. The lateral shields are the 
more fimdaiuenlal of the arm eoveriiiKs and mav meet above and below 
as in OpA, (Fis. JI7.1, fmvinu .he small ahoral and oral 
siteds ajiait. It IS iina.iimonsly aekmmkslaed that the lalerul arm 
shields eui respond to ihe a.lambiilaen.l .e-d.-le. of usli-roids. and lienee it 

'« not surpnsi.iK to lin.l tl.ii arm spines, when present, are borne 

Opoii thi'iu. 

The arm s|.ine.«, laryniB in number fnnn ’ or 3 to about Ij on eueli 
lateral arm shield, form a vertiiul nm. They mav stand out at rii{ht 
a'Wles to the arm axis. Kivii.B the animal a spjnv appeariinee as in 
' ;./u«-om,i (iMB. 211.1, and Ophioll.nx. ami in sin-h ease are borne idoUB 
I le eenb'i- ot the iaierid shield on a lo« ridKe (FiB. 2l.')/s',. They may 
also spriiiK from the ilbtal .sIkv of the shield and ate then iniiinllv smail 
Ilud appi-essed to Ibc skle of the arm (FIb. ledm iliB its fiexibilily 

Hie spines are mostly alike in sbar.e llironBhnnI the arms nf a Kiveti 
spei-ies, hill they otten vary in leiiKth iiIimib eaeli verlieal row. •J'lie m («1 
al'oral n, ember of Hie row may la- the ImiKesI ami the k-iiBtli Biadiiullv 
'leeivasein Hu- oral clirei-Hou i i-'iB, i:,/..'.; „r the Iomr.-sI s|,ines niuv oee.iV 
sonieiiliere wiHun the row and the leuBlb deeline in both direetions from 
ArnmiK \\n. tmiux niiii'h variailoti in .shape is 

oiiiK 111 .lilTerenl s]H-.-i.-s. The spines may be slinit or Innn, pointed or 
It, slender or stout, roumliat in .-ao-lioii or MalteiiecI, nmoolli or ihoniy 
"IM so on Slender 1 horny s|.i.ies of a lH-.-idiar glassy texture ehaiaricrize 
ftiimly Opluothriehidae IFIr. 2I,V--,. Clan.lular spines, possibiy 
' sonniis, oeeui- in iidditioii to ontiiiary spines in the Rc-iiera Dphivmastu 
/'Oorn,,... ami AM,ru»hm,i (Ilamaiin, ISHtb. These have thick! 
esH', eliib-.sliapcal ends eomposisl of an extraordinarily thick epidermis 
24 «'r'' epitlielial cells iiilersperstsl with sland cells (1% 

•" aail richly mnervaleil. Some of the spiiic-s of each arm joint are 
"eil into transverse funs in the Berms Op/,,,,, mro„ H-udwiK, ISSSj - Ihe 
« oral spines are thick and thorny. I.iil the tvnuiiniiiB spines (It); of 
iUiit,,lT"'“ ••‘’'•'I'ler. inereasinK in k-nRlh aborally and 

alsoslinli "''■I T' ft"' (I'iR- .Mt.rteu.se, 1 (1!,32) 

liasutiv 1 f*'"'"'""" 'ho supporliMR spines are provided 

miBbi\,... " '■'i"’"'' ''‘"'^''idalure. This linding .suBsests that the fans 
ohs,.rv I -■«*«« toeiiable the animal to swim, but .Moi lensen (1922) 
and iJv OphiopI.roH in the liido-l'acifie region (Amhoiaa) 

er saw any swimniiiig aetivit.v. reporting, on the eoiitrarv, that 
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the animals arc rather sluggish. This author furl her found that a number 
of sperios of Ophiothrix pas.sc5s such fans uhen young, but later the 
wol)s disintegrate, setting the spines free. The function of these fans, 
either in the adult Opftiopfcron or in the ophi opt cron stages of Ophiofhrix, 
letnains problemaliral. Spines altered into htwks are common amoiiR 
oj)hinrt»ids: (hns in Ophiofhrix the most oral member of each vertical 



Flu. 2^3 of O|»hmn*idoo icvnliiiu«J‘. -Ur, 

Atlantic, to l^UO m. ia/i</ h»«hUf. VJW, ; note s(«aU> branched arm*, orady iveateu tv 


oil ariit». 


row of spines is transfornutl into a hook (rig. 215/*) tilong the distal 
psirts of the arms. Parasol sjilnes. resembling a miiuite parasol, arc 


found disially on the arms of the relale<l genera Ophiohclus and f/pjf 
Iholia tl.yman, 1882). replacing distally the onlinary sjiincs aliogc^*^ 
in the former genus (Pig- 24.>/>). acc*omi>anying them in the lattoi. 


m Uie lormer gvuus <rjg- - t*////. ‘ ‘niij/tJu.' •••ji / I 

The < ) p hi u roi ( lea e on t j o st wi I h < rt h<*r <»v1j i n < xlen n s i n 1 ho 1 ol a I 1 ac ^ ^ ' 
anything resembling nmlujlacm or ambnbcnil grooves on the 'Ot . y 
surface. Ptslia are, however, present as small papillae, conuuon. 


railed Unfadcii In the literature. Theiv is a pair of such jiodia to 
arm joint onits oral surface; one emerges on each side between ^ , 

and oral arm shields and is usually protected hy one or more 
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spines knomi as Unlade tcales, usually immo^'able, and mostly of a 
rounded shape. In the genus Ophiopdla, the more oral of the two 
tentacle scales retains the spine shape, is heavily flacellated, and is 
provided wth a muscle by which it can lean ov er the oral surface of the 
arm, crossing its fellow of the opposite .^de (Reichensperger, 1908a; 
Fig. 246.4). The arm surface helween the ba.ses of these flagellated 
spines is also strongly flftgellale<l. and a current is therefore maintained 
along the oral surface of the arms, in the direction of the disk, At the 
end of the ophiuroid arm is found the usual terminal podium, called 
tentacle, that here lacks a photoreceptor. The pmlia serve prininrlly 
sensory functions, although participation in locomotion by the gripping of 
objects has been observer!. 

The foresoinu account applies chietly to the order Ophiurae in uhirh 
the arms, provided with well-developed shields, are eapnble of sidewise 
movement onl.v, in the horizontal plane. In llic ICurvnlne the loiiRer and 
much more flexible arms are movable in the wrtical plane and ean be 
coiled around objeeis. In a numlier <if tmo’alous ,ienern the arms are 
xunple, in some they brunch only at a consi.ierable distuiicc from the 
disk and in others, espeidnlly (lorgonnr.plmlu^ and .1 strop/, ,//»., (Fig, 
^•13), they fork at the periphery of the ili.sk ami eonliiuie to luuneli 
repcat^ly, in .Ulrophuton at very .short intervals. Disk and arms in the 
buryalae arc eovered will, a thick skin and Ik'iicc (he si'alalion of the 
nems IS more or less conceahsl. allliouKli in fact les.s dcvcloficd lhati in the 
|i iiurae. All four series of shields may be pre.seni, but often Die iiboral 
or oral rows nr both inny lie redncsl or wanlinn or broken up into irroKulur 
mosaics. Arm spines arc limll<-.l to the oral arm surfaec ami are Kenernlly 
Rreally reduced, perhaps n'pre.-cntiiiu tentacle scales, otherwise absent 
ona|^ ,1„. aim emis tlie .spines often develop hooks, ami in (lie smaller 
'luiiehes iiml twigs of (lonjonfi phiilnx tlic.-e hca.ks are incorporated into 
of groin lies bonriiig inlcrcwopic hcKiks (Fig. 

On thv oral side, I lie arm.s. inibcHtdc<i in ehc disk, continue to (he 
nilh aiiges with all their ports oral and latcnil shichU, xpinos, podia 
Toiiiu<k‘ scales retaiinHi. cNccpt the abond .shields (Fig, 247.4 li) 

0 each side of cu< h arm base b seen a silt, (he eritrancc’to a 

W)f minincd body wall, the hurm, with genitorx^.spirafory functions 
Kciuis OpAnx/rrm«, each bursal slit is sulKlividcnl Into a central and 
a peripheral silt iFig. I,. Ophio^hrn monacantha, Hering Sea 

IS u single bui>al .s|it in each iiiterradiiis. transversely placed' 

mui If"''" 1',“'“'. "f '>•<■ l-umae 

are ,«! “'•'•bra* from the horeal .Ulanlie the bursae 

oi>e„. V and each of the 10 sacciform gonads 

I8<»,V, ''"'‘■’’'"“''-■"‘I.'’ '>y « i'> '!■<• oral iiiterradial areas (Moitensen 

'• '‘'''-^aanml slits are altogether aWnt in OpA, VjfP.vM-w,s(ru<inot 
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¥ to. 244. -Ty|)^» o( OpIiiuruWeH (iwi.liKlcdi. dKk Main I ion. .4. ©ur.vtilou'' |,p, 
iimple nnns. AsifroHVT excatc/o. PenawH* r«fit>n. wiih arm» co»l«l aroufid . ..lates. 
cf an antlpaOiarUn wtaL B, dUk oS OpAWcpu «jih «inall 

C. disk of Ophiomusivm with larfa radial sl»iald«. D. di«k of Opfityra 
plates. E. disk of ©urvalous form. At/*r^kfma. with naked disk, c’srep* i« , *. 

rlb-like radial shields. 1. radial shields: 2. ceiHral plate: 3. primary coriientm r> 

4. abural arm shield>; 5, inleral arm «hields; tk api*re'M~i spine-: 7. thorny >>an‘i‘. 
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I89la), Ophiocanops fugiens (Mortensei^ m2), and other species and 
not infrequently are very rudimentary. The oral surface of the disk 
between the arm bases forms fleshy. trianRular interradial areas that in 
general have the f<ame skeletal proviMon as the a bora I surface of the disk. 

In the center c»f the oral .surface of the <|jslc l.s seen a large (ive^angled 
aperture loosely callwl mouth, althougli actually a sort of jircoral cavity 
leading to the true mouth, h i> surroiuahvl l)y five iiitcrrudial wedge- 
shaped jaws that form a mouth fratiu* comparable to the adambulaciai 
^ype of asteroids. Only the triangular oral ends of flu* jaws arc visible 
on the oral surface. TIicm* are <Mlgcd by little sialloj>s or teeth called 
the uraf papUlat. wanting in some geneni. M (In* jaw p<jiut to the 
ahoral .side of the terminal oral papilla may he seen a group of tooth 
papillaf, also wanting In some opjhiuroids. These are continuetl inward 
h.v larger and heavier i>n>ji*<uions. the t<-<*lh, mostly in one row, more or 
less visible If the jaws are widely o|m*ii. When tooth pajuliae are ub.serit 
•he yerljcol row uf UhAU eMejuIs to m<*cl the oral jiajHlhu*. 'I'he jaws 
consist of ivv,> ,|,ain fiintl piece's, (he fialf jaws. M whicfi ifie oral ends 
oiny usually be seen in pari on the iriangulur surface of the jaw 

ll'ig 217.1, f{). Itc'ivswn these' aiul llii* jaw lip i.s UMjally exjujsed tfu* 
oral cud uf a iiarrmv Hmigaicsl w'lllcal iJU-^'e, the wnxMr ov jow pltiU 
••oms angularis). through which pavs ifie imiM'les operating llu' teeth, 
n gieuler jiari of tin* oral surfaee of tlie jaws Is eoveicd over by a 

• onspieuous rounded f)lale. the orn/ or horrot ^UivUi. Ixmlercd to either 
'ide by a srnalhT. eloiigaii*<l o/toraf shield (Fig. 21". t, lit. One of the 
•"•cal .shields acts a.s a nuulreporlle. being piene<l liy usually <ine pore, 

•'<Mnci lines more, but is generally inipc»s.sjb|e l<i m'ogiii/e us such exter- 
•••1 liucesd and adoral shield.- an* poorly developei] or wan ling in the 
''"rylae and here thiae may f)e a hyilmpon* iu each interradjus. The 
•"•^al slus. ext cm ling usually from the cli.sk |HTiphery to the buccal 

* "c ^ s, arc Mippoi led on each side by an elongntc'd •jiftHal .shield, of whicdi 
•c one next the arm base usually (lc»es nui .^huw at the surfucr. Vt their 

|”l'••'' cnd.s the gcmital ^hiedd- mc‘C't the nidial .shields; their inner or oral 
J< o not us a rule readi tlie buceal .shields, uiid thega|) is filled bv one 
I on I e s n I a 1 1 a itn t M uh x. '11 le i nlgc^.s of t f i c* bu rsa I s| i t s m a\' be s i n oo 1 1) 
!‘^o'vri into small sc-allops. the yr.,M papilla. . TUo Hvsi \ wo pair.s of 
Porc-x arc' usually liidcleii hi the side.s of the jaws, but the sc>eoud 

gener! *“ Ophiura (Fig. 2t7/f| and some othc*r 

' ihc disk sealalmii is often ol*«nir<*<l in life by membrane or a 
•'•>crof graimle.s (Fig. 

ihe ophiun,id.s an* mexsily small animals with a disk U) to 30 mm. 
aiut arms tyjHeally three to five or six times the disk diameter iu 

K« ihv ha-kei stars ((rorgomicephalhlac) aix* very much 
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A. younf sperim^n of At/tronyx. sliowlng 
B. dist&l «irfa« ol arm joint, showing »ur 
3. spiBos omittod. C, tbw nfm joints of iff! 

•ns 09 wings formed l>>* webbing of spines W”'' 
distal part of arm of OphfohH»9 (o/^er 
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larger than the run of ophiurolds, having disks up to 10 cm. across and 
long branching arms of which the length is not apparent os they are 
always much coiled (Fig. 243). 

In general the coloration of ophinroids is on the sober .side and bright 
colors when present are not vcr>' cfTertivc iK-r-aux* of tl»e small size of the 
animals, f'oniinon colors of the disk are cream, yellow, green, olive, 
gray, brown, maroon, purple, and black, hut often the color is not uni- 
form, being relieviHl f)y contrasting ^pots and bands, and the arms are 
often of a lighter or dltTcrenl Inic from the disk. Fpizolc species may 
show adaptive coloration, 

4. Histology of the Body Wall and Its Appendages. The body 
surface is covevetl with a ciitielo and is for the most part devoid of 
eilialion or flagellation, ('ilia iflugclhr.*> do, htjwovcr, exist around the 
bursal slits and apparently arc often present over much of the oral 
surface of the disk and arm basts in at least some speejes, as (iislt^n 
dewTibed etirrenls fiere in wvcral of the forms that he .sttidled 
(see under jihysiologyj. The heavy flagelint ion of the In tier tentacle 
>^calcs of Op/iioftHila uas mentioned above, and in tliis genus there are also 
presets flagcllalcHl .streaks on the oral surface of the disk and traiisverm* 
llugella(c<l tracts along the oral .surface of the arms tFig. A 

definite cellular cpiricrjnis appears vtaiiling in inr»s| of>hiurolds in (he 
adult crni<ljiioii (('u<'.|iot. I8S«, I89hu, e\c<*pt in certain areas, especially 
t he i)yj<ul slits and sites of iierse etuhugs. * An e|ilderini.s is evident on 
du* disk and prcixijiml parts of the arms of the ICuryaluc and w fairly 
<<‘vclf»pi,| ii, rhe genus Ophiomt/xa where it uUj eonlulns gland cells 
m‘ry where (Uclrficiispergcr, l1H)Sc; Fig. Otherwise gland cells 

ui‘e generally wanting in ophiiirokk except on the pcMlIa (see below; 
and in connect jrni sviih lnmitu*scence (M*e under l>hysi<j|og^'). It |>i 
«latcd by (\tfai<jt that an epidermis is present in young ophluroids hut 
^ "ring ontogeny Incomes invades! Iiy mesenchyme and reduced to a 
gruimlar state (Fig. 2 17(', F). fn any cUK'a definite bascjuent inernbraiio 
*s always lacking so that the syncytial epidermis is continutius with the 

V\iT * ' **'* *^‘*''* end oskelelal 

^nckJs already described: the rx'inuincler is gelatinous or fibrous with 

cells and contains the pigment ivspmisjblc for the surface colons, 

^ I lie granules or .sometimes in um(M*l>r>id cclk In the <iphjurous fonns 

-rrn fr.>m i.rc>»irn«l en<J. ^tiowrriR sfujif ^rrahRc/ncrn (otic 
Yruutaim... F tltoruy tind h,x,kc<l .pine frnm pan of 

?.chO„i . I. ‘ a. vertebral os^rlos; 4. odoral 

U|;„or Vi i * ' '• •‘••Wd; K oW.d criti ^bicld: 

‘‘'‘••b'uU.o ^•’••''crteW,l rntmles: j|. central urti.ulatm,; 

H. hookei ioiot’. iV !i“ fm radial nerve and wo lor vo8«el; 

^n’ f*’*- I«»rav>J npiM: 18 . ordinary spine*; 19. 

IbUtmI urm -I. tcnlavle scale: 22. deprps«>KMi to receive Umbo: 23. tubcfclo# 

**• arm sineJd for spmo atiuclimeni: 24. aboral canal. 
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verUbrae from a fanciful reseniblancc to the vertebrae of \'crtebrate 
animate . The vertebral ossicles are .somexvhat disk-like, thicker through 
the middle and thin laterally (Fig. 2m ) \ : these thin lateral wings furnish 
attachment sites for the intervertebral mu.'^i'les. Tovvaid the arm ends 
the vertebral ossicles Uvorne r(‘duce<I and cylindroid and the terminal 
ossicle is trough-like with an oral groove to hcju>e the terminal podium, 
-Medially the oral surface oi each verlclira is <l<H‘ply not< fi(*d, and the 
succession of notcdics forms u gnMivc in v\hlch ruii.s (he radial nerve cord 
(fig. 210^, fj. in tbte gr<H)vc there are jiresent to each side of the 
median line (wo small holes in each verlehni that lead into tine canals in 
the substunec of the vertebra. Tlir* more proximal pair of holc*s hou>es a 
pair of nerves for the up|M*r intervertebral muMles: the moi>e dLsIal pair 
conveys the podial luanche> id the vva(rr-\a>cMlnr system. Then* is also 
u median uboral groove along llie MTl.^brae but Ibisdm^s not Imuse any 
particular structure. The (wo ends of cucli \ertel»rai o^^jcle, that is, its 
proximal surface fai'ing in the dins-tion ot the mmith and it.s distal surface 
lacing the arm tip, dilVer from <*ach other. In most ojihluroids the 
proximal surface bears a .Mwie.s of dcpie^dons and a median projection 
mid those fit into corresponding |>rojec'iion.s and a imslinn ilepression on 
• It* distal surface (Fig. fi. forming an ariiculntioii Hint in general 

permits only sidewise rimvements of the arms, in tlie liorizdntal 
piano {zuyospondi/hus articulation;. .K dilTeivnt lyjie of urtienhuion 
^^Irtpionptnuhjlom) obtains in the euryulous opliiuroids. Here botli 
verteliial ends f>ear a projection .shupni MMiie«bai like an hourglass, 
nif this is oriental vertienlly on the proximal surface, transversely on 
die distal surface (Fig. 2.|0A\ F). Hence the vertebrae cuti roll upon 

'a<h other and the arms can l)o eoiletl and entwined around objects 
dugs. 243, 241d). ^ 

It Is to be understood that each vertebral ossicle corresponds to an 
ox crnal arm ‘‘joint” and i$ covered over with one set of arm shields 
( Jg. 245^). It is established that each vertebra is formed by the fusion 
Q one pair of ambulacra I ossicles, and in a few species the line of fusion 
^mains evident throughout life. One vistealizes the ophiuroid type of 
‘m as derived from a type with open groove by the closing over of the 
» nilacral groove and the relegation of the ambulacra) ossicles to the 
11 orior of the arm followed by their fusion in pairs to form the vertebral 

As the scalation of both sides of the di.sk was dewribed above, it 
' i^tms to consider the deeper parts of (he mouth frame. The mouth 


PoJiiii ‘n th ^1 ^ii * 7. hall jams: B. masillcr: <f. pral papilUc: 10. 

•5. dorm^j*- 10 0 f>jcJcnn-l nuclei; 

,0 ^ J<JcttJrtfication: IK ^coi.d j.air ol podial 

‘ scaje.^ or dok: 20 . Untacle acftln: 21 . coiiclc. 
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Fio. 24*. -Rody-m®|| appMidoiM^ .4. «piderinU of ^anjular epjn^ of 
annulota. tt. lio<>k«d »pine of O^itikriz «i 1 l» muscular and li«amcniou9 atlsri 
(.4. B. after Hnmann. 1689.) C. H>iue of Ophiacamo wit|j ner\'« suppl.'* 

1K91>. A longiiudiiiftl s«c1ioo of p^ium of Ophitithfix fraffilit. E. loneiludK^xf 
of podiun) of OpAincrtmino nt^ra. Fs k>nKitudinal section of podium of Opkwra le- 
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frame, as already in<lirate<l. rouaij^ts of five we<lgc-shap(Hi pieces or jaws 
that are compounded of the first I wo amlxilaerals. the first two adamhij- 
lac ra I s, an<l su rf a r e sh I oI<In. A s ea<'h j aw » >c r u a ti 1 1 1 1 e rra di a 1 jxxhi t i on 
it is evidently composed of cwslelw from iwo adjarent arm hastjA and 
therefore formed of two fudf juw>. Eti.U half jaw consUi.s of a larger 
piece representing the second amlmlaenil ossicle and a smaller piece 
representing the first uchtmlMilacral assjcle {lateral arm shield) fastened 
to the oral side of the largiT jnecc an<l In'oring the tmh, which are 
modified udambiilacrul spines. .\s aln^a.ly indicut^sl. tficre is gencrully 
prcwul here us sm a<idilional suptmrl f<»r the i<M»tli a small Interpolated 
maxillcr or y.tw plulc. eonip^^si^l t,] a vert leal row of pie<'es. On the 
oral snrfaccolu* fialf jaws may In* ]):irlinlly \ isil.lc Init arc usuallv more or 
less concealed from view I»y the oral and «d<iral shields; tin* ud<ira] shields 
Are easily seen to U- in line with the rcgtilar lateral unii shields and in fact 
leprcsent. the scccjinl adatnhulacrals, 'i*hcy carry some of the oral 
papillae. | h<* first |»air ot :ini)»ulacr:i]» is formetl inl<i two eloiigalctl 
pieces, cal Uni /h ri^toimul that i>ceij|»s tin* a bora I surface of the 

ja\vs (Kig. and Ijenee aiv not xisihlc from the ora) side. The two 

peristuniiul tiieccs t»f adjacent rays iiin>t diagonally at tfic interradiu.s and 
I Ills seem to a< r ns stay.^. 'I'hc Immologies of tin* parts of ihc moutli 
Afinutiire of ophiujoi<ls were worktsi omI hv I.mlwiK (lH78al whose 
<lta«rarn Is reprcHluccd in I'ig. ^*(1.1. As already liidicate<l, there are 1 wo 
|H«lia| pares Ihrungli each half jaw. a fuel in itself proving that two fiairs 
<•1 Ainbulnt ral <.ssjcles are jri\o)vt'<( in ihe hjrmulloii of each jaw. These 
Podinl jmivs ate iisiially hiclden in the interior of tlie m<iuth eavify, Init 
•M soincj'cnera, as Ophiunt, the .mtoikI pairs niv visible on the surface 
'ig. 2l7/f), rhe piKlia oi the mcaith armuliire aiv often spoken of as 
biiccu) pixiia or buccal tcnlneles/ 

6. Musculature. As statetl above, the body wall of ophinroids lacks 
muscle layer except in the Ktirylac, and hence in most meml>er« nniseu- 
IS linn(4*d to discrete bundles for operating the arms, the jaw 
Apparatus, the spini*s lafivady d^-scrilKHli. and the teeth. There are 
"0 pairs of Inlerverielnul mu.'^clcs U'lwcen succc.-wive vertebral ossicles 
rnnippc' ,M‘ af)oral and n lower or oral pair (Fig- E). although ihc 

> ol (lic Harm* side may be inen:e4l into each other. They extend 
ween the thin lateral parts of the vcrtehral os.si<*les and eon.sUt of 
vmi.mig parallel to the arm axis. The aboral and <iral pair ai^c not 
ssarilv m ^mne vertical plane <Fig. Hy suitable eomI>i. 

ot coni ructions tlie intervertebral muscles could move Ihe arms 

luvof ; yVonnot'rO^ wlomk linm.: i, loug,tKi.\iu,^\ um^ lv layer; 3, norvous 
Acr.iU, 10 UM..U r 1 1’ '• ricur.i«eiiw»r5 vclla: «. ealUenrii*: 
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Flo. 2 iy,*-Ap|>©h«I« 2 o^ <ion(iurledi. «ndo»kcl«ron. A. two pspHlac of * podium of 
Ophioihrix /rofiilia io/l<r J. E. Smith. 1937i. B. \'crl«1*ral of 0;iAiV /<•;»»>. proximal 

surface. C. «a B. distal surfvco. D. side vtew of vertebral ossicles of 

(a/ler Ludwig. 1878i; proximal surface 10 kft. E. distal surface of vertebral osswie "j 
.Isfrop^^oa with transvef«e Itourrriass artirulation. E. proKiniul surface of E wiih vertica 
hourglass ariiculatioo. (B. C. E.F. a/i€rLym^t*. I 882 .J <r.oneac« tor of the jaw 
inJ one arm base of OpAi^muefum. seen Imm the ohwal side, after removal of the ahoral 
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in any direction, but as already explained, the articulating surfaces of 
the vertebral ossicles of most ophiuroids are so constructed that move- 
ment is feasible only in the horizontal plane. 

The jaw apparatus is opcratetl by two concentric series of muscles 
of which the best available descriptions are those of Siniroth (1876) and 
Teuscher (I87r>j. The largest ami most iinporiaiit of the jaw muwles are 
the exlernat muscic.s (hat nin between (he fialf jaws of two 

adjacent radii, hen <'0 oc*cupy an intciTadlal posirioti (Fig, 2ol/l). Tho 
two half jaws of the muuc radius are bound (ogetlier by two muscles, 
a superior or ahoral aiul an iit/trior or oral rathal muscle, often more or 
I OHS merged. Tlie fils'rs of these lo mn.^clc.s of tlie external eircle run 
••<»m*cntrje with (he motilb and Ihmicc tlieir coniractioiis f)ring the jaws 

together Hc» (hat I hr* leelh make con (act. The circle of muscles 

consists (if the snprriW or rthornf and inftnor or or<tf inhrual inWrradial 
inuH(‘los. These tinisclex are situated one a hove the other between tho 
innxiller and (he adanibulaeral parts «»f (lie half jaws, 'j'he fibers of the 
inferior muscles run circularly and act lo approxitnute the ceiilrul ends 
the jaws. 1‘he fihei> of the sU|M*rior iiiu.scles run radially; they pass 
thniugh openings in the iiiaxiller to attach lo the teeth and aeeompllfth 
movements of the latter (Tig. 

7. Nervous System. The main nervous system (exhaustively 
•escrifxHl hy flanmun, IKHPi is sulK^pidernial in position, as in asteroids, 
theyoungophinroid, fnjt like the ninbulaerni system beconn-s disjdaced 
internally during ontogeny hy the elosuie of the ainlnilueral grooves 
( ufaiol, 181Ha)- The nerve ring (H-eupies a groove close to I he aboral 
«ni'fuce of the jaw ai>|>aratMs. being somewhat concealed by the peri- 
slotniul plulc‘s (I'ig. 2.itK'). fin the side towani (he esophagus the nerve 
niig IS bounded by a cavity, the epnneural sinus, and on tlic opposite side 
>y another eavil>, the hyponeural sinus. The nerve ring gives olT 
puphageal nerves, mostly 10 in number, into the esophagu.s, where they 
orm a plexus in the Kuryalae (Cuf^not, 1801a). The jierve ring further 
I'npphos a nerve directly lo each of the buccal jMxlia belonging to the first 
•m adacral.*^ (main piece of each half jawj ; tlie.st» p(Mlja are in fact situated 
<'Ty rlus(- to the nerve ring, hi each Intcrradius there springs frotn the 
‘Cl W ring u pair of nei ves or a nerve (hat promptly forks; one go(‘s to 

. *'• 0,^Ura; lu^k* tooth 

■«*n fro,,, i|.i . ' I,*** with tooth jmprilae. L. .arnc u» K 

I'crv^uH iHvJp ‘ I ''“'“"V a. clond 4, <*onnfctivo lo,suo, 

‘'crU.hrul .,,u^L! < . cotloini. <M>ith,.Uurri: 8. fo^wi r«r iMtOf 

iMKh 'l V li l-our-Klus. proje<tjou: H, hole*, for 

tor >,oroMtJ n,iip V ‘^7 *' I r, half j«w; IS, poro fo' first pair of podiu; 19 , poro 

21. 22 . pori.r..M,iul pUtMfirnt pJr o? 

"IttU.s: 20 Wt.'.I I 1 *“'^ a'nbubcr^I*; 21 . upper irHer»mKuW:t| t.iuw les; 25, genital 
r.idial ,nuaJJe nm-rrarlial .riUMli,*: 2S, tooth papillae: 29. 
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)»kelcton (conrlude^l. muscular and nervous sysloms. 
doMilKjIacrab alippled. amhulacrats plain (a/rrr Litdxcu 
*ufh the aide of an arm {*tjtrr Simrolh. 1K70>. C. »clie 
disk, an inlcrradiu^ oj» the left, radius with orni Kas< 
}. 1 , first pair of adamhulaeraU; 2 . second pair of t 

3. third pair of adamhulacrals lateral arm sloclds> 
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rbe external muscles of the jaw* apparatus and the other to the interna) 
muflclea, including branches to the teeth. These interradial muscle 
nerves generally present a ganglionic swelling before entering the muscles. 

In each radius, the nerve ring gives off a radial nerve that descends 
to the oral side of the arm base in the disl< and proceeds along the arm to 
its tip, running in the groove already mentioned that is present in the 
median line along the oral faces of the vertebral assicles (Fig. 249B, C). 
Ihc radial nerve, a.s in other cchinoclerms, is accompanied by tubular 
cavities, an epincural sinus to its oral side, and a hyponeural sinus to its 
aboral side (Fig. B}. The radial nervc.< of ophiuroids are more 

complicated than those of other echinoderms: they have a ganglionic 
enlargement at each vertebral i^sside (Fig. '2.yA ,\ ) and give off a number of 
branches that also may boar gatiglioiiie swellings. .V podial nerve is 
given off from the radial nerve into each podium, including the second sol 
of buccal tentacles. This podial nerve ut once forms a ring ganglion 
around the base of the podium, and from this ganglion a nerve proeoe<]s 
I Id 0 1 lie podium along its medial .side lietwmi the epidermis and the 
hniglludinul muscle layer (Fig. From the (xxlial ganglion there 

are given off, at least in some species, nerves into t lie oral wall of the arm, 
aiid these may moi‘t to form a small miMlian ganglion from which the 
b'Kly-\cu|| brunches arise (Fig. 251 Closi* Is^hind the peslial nerves 
There springs in ea<'h arm joint a pair of main lateral nerves that ascend 
ibe lateral jmrts of the arms giving off branches into the Ixsly w'all; 
when spines are present this nerve gives off a branch into each spine and 
diw enlarges to u ganglion before entering the spine (Fig. '2:y2B). .Minor 
uleral nerves to the body wall are present in some species. The fore- 
going nerves are mainly sensory' and .spring from the radial nerve between 
• « guiiglioinc enlargements. These ganglionic eiilurgemenl.s nio some- 
" lat bilobed or paij'cd l>ccause of the |>n*senee of a median haemal 
I •annel. At the ganglionic enlargement there is given off in ea<'h unn 
joint a strong pair of motor nerves that supply the intervertebral muscle** 
252.1). 

I he nerve ring and radial riervw are in ivality double, consisting of 
uo superimpascil systom.s. an outer thick <H'iojjeural and an inner thin 
•Mmncnral sy.slem. The former is sensory and motor, the latter purely 

* periHiamiM 7. second pair of ambglpcraU 

aborol arm v^tcbral owiclo); 0 . buccal ahicld: 

"•'“'vcripbr.l nn ! ' \a s * »‘wal JAicrvcrUbral musulca: 13. oral 

T' oroi li* *" vertebra; J6, lateral arm .>.hield; 

21- mouU, 2 ^ ^ 20. mesMiUriaJ altachinonu of stomach: 

»iiiK 2.S P®'**^®*"®* 23, pertsloiDial or peneaophaR««i eo^loroio cavity: 24 nerv« 

29 Hlforo ‘Sr'"* 28. po'lian vcslda! 

t>f I.txiv. o?. 1**/*“*' haemal nnu; 31. cxlcroal inUc radial inuwk: 32. first 

'•'‘f'*'*: :U ri<Ln^“ 33, accund pair of podia: 34. lower radial mu^lc: 36. radial 

H.UsH,. utiainal cliannol; 37, radial water canal; 38. coelom: 30. internal Interradiul 
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FtO. 251 .— 'Mu'cular (cuneludvdi. ner^*ous A. 

through the di»k ftt the level of tlir uk>i>ral end uf the juw a[i)>aralu» (e/ 
B. cross acvlion of urm at level uf podia. C*. ertres 9e< tion of anri at le' 
nerves. {B. C. a/fer Ham^nn, ISSft.) |. 9tofnav!i «'all: 2. n*aler ring 
tooth; 6 . aboral ioternol interrodial tnu«rJe: C. ahoral radial muBclo: 7. e 
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motor, and it is from it that the nerves to the intervertebral muscles 
spring. The two systems are separated only by a thin membrane (Fig. 
252 C). An entoneural system appears wantiijg, unless it is represented 
by the genital nerve supply, disoovered by Cannot {1891a)- Genital 
nerves are given off from a nerve ring on the inner surface of the aborai 
wall of the disk. This genital sv.sicm is said by Cnc^not to be connected 
with the main nervous system. 

Thc epi neural sinuses are only exlornal .spaces that became enclosed 
when the ambulacra I gr<H)V('* fuMsI over. 1*1 icy arc not lined by epi- 
tholinrn and are not cmdotnic cavities. Hicy terminate filindly at each 
end. having no c<innections with other parts. On the other hand, the 
hy p 01 ( v \ I ro 1 .s i n n scs a re e (m‘ 1< n n i r • ca i in I f ( >rm <il as i n ec Id j loi ds. They a re 
subdivided, a.s in asteronl.s, by u very delicate soplum (hat contains a 
haemal channel. 

The nphiuroids arc devoid of >jM*ciul sense organs, but the rich 
innervation of tfie f)o<ly wall, poiliu. and spiiic.s indicates the jiresence of 
iniinerous sensory en<ling.s 

'-dr^ater -vascular System. 1'hc water ring rs'cijpies a groove on the 
aborai surface of rhe jaw apparatus. iiiimi‘<lialely to (he outer side of the 
nerve ring (Mg. *20 1.! ). At each iiiicrradius. except (hat which contains 
diestoj^j.^nal. the wafer ring givw o(T a poliiin ve.Hi<*|e of typical appeur- 
«iicc. (In Opfiiacfis rircn*, which has regularly six arms and lacks bursae, 

M main pollan vesicle and one or (wo subsidiary ones are present in each 
tiMerrudins, including <*l), and they are acronipanitHl by a number 
(np^to If)) of long slender tubular apjHoidages, discoverwl by Sim rot h 
and hence .Homolitne.v eullc*ii Sitjiro(h*s uppenclagos, that spring 
loni the water ring or the .stem of the main j^ojinn vesicle and in.simmte 
tlicin.solve.s among the vwxwa (Fig. '>:>'>/)). mv water ring also supplies 
the huccul pcHiia directly, giving off 10 (or 12 In case of six-armed species) 
wilt M hcM that bif ureal e, pn.s.Hiiig I h rough the main jaw ossicle^ One fork 
'» each braiu'h goes into (he corresponding buccal (ontacle of the first 
and the other into that iKdoriging to the MToiid .set. The stone canal 
^pMngs from the water ring in an in(erra<lius that thereby becomes CD 
mKl. accompanied hy the axial gland, descends (o the oral side where it 
'Wfninates in an ampulla. As in a.sicixiids. stone canal and axial gland 
are oikIcjschI in the axial sinus that also open.s into the ampulla (Fig. 
’■■i-Ulf. \ sually a single pore canal, often provldcsl with lateral out- 


10 Jal.n. on* lo Wrr.I podin: V. alx>ral iiUworlclirnl mu*rlc; 

nofvo , . *7'^^*'* **• pwlmn oi nfm: 12 . hniid of tnll f.K*lomU* cells: 13. radial 

WBlrr i * *• 10. rndial hactnal chansicl; 17, radial 

Wdial h,v/v.„ 1,0 riim g, n*tlKm; 21. mdin 

lo uW.I 1 ii l’®^*** Kn»'*(wn to oral mail; 23. ftc^vc^ from poJjnl ganRlion 

n«., muscle nerves w«Ui gunRiiu fmi.i jwdiul EaiiRliu: 25. crtoneufAl t»i»rt of 

ii>'poncur:il or motor |>act of rndlal nerve: 27. »ep1urn. 
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pouchiDp, leads from the ampuUa to the hydropore located in the oral 
shield of mterradius CD. Some species, however, have several pores 
(up to 12) and corresponding pore canals through the oral shield. Ovhu 
aclts vtrenfi. in addition to the peculiarities of Hk water-va.srular svatem 
just mentioned, may have up to five madreporites a.^l a oorrespondinir 
number of oral shields altered into mtulreporltes. ThU species is fissipa- 
rolls: It starts life with five arms and one stone canal and rimdreporite 
and the multiplication of the last two and increa.se to six arms Jx-.suU from 
fission. Among the Euryalue the pre-sence of a madreporite in each 
(nlerradiuH i« not uncommon, espwially in the genus As(ropli,jfon. Some 
species of this genus have a single madreporite. perforated vWih as many 
as .oO pores, whereas others possess five inadreporites, each with a few 
to 15 or 20 pore« (Ludwig, 1878bl. In Tnchn/^frr ekyans there is a 
Hngle hydropore in each lnterra<llns. not asKO('iale<l with any skeletal 
''Icment (Lndwig, 1878h). In these cases a stone canal leads inward from 
each madreporite or hyilropore. TlwIemurinV Ixxlie.*. appear wanting in 
typical ophiuroids, ah hough Fedotov < I U2tm; reports! some insignificant 
'•Kdial protrusions of the water ring in <ff,hiorfni srnrvum that he inter- 
preted as such. This same author cliscoveml in (ionjofiufrpliains the 
presence of a hiiru'h of blind, hniiic-hiiig tubules appeiKlccl to the water 
nng in eu<^h radius and is incliiKsI to iiUcrprxu these a.s honiulogues of 
iietlcrnami’s bmlies. 

1‘rom the water ring a radial canal ilejNirtK in each radius and descends 
toward the oral side (Fig. iViOO where it chici-s the arm base and pnx^eeds 
“long the arm to its lip, terminating as the lumen of the terminal tentacle 
I he radial water canal runs In the suf)stanco of the vertebral ossicles 
0 the arm in an unralcllK*d area gf connective tissue that is located 
i'nme<haU‘ly ahoral to the hyimneural canal of the radial nervo (Fig 
)■ In each vertebral ossicle the radial water canal shows an enlarge- 
from which springs a pair of podinl canals for the pair of pudia of 
arm joint (Fig. The podlal canals may puss directly through 

e substance of the vertebral ossicle to the fiuse of the podia or they mav 
«coud m the ossicle and then d<‘scend, making a V-shapod curve before 
parsing mto the pcsllum. There are no ampullae. The entrance of the 
ca nal in t o the p(x iium ^pmvuled with a valve. As already 

view of of 1 h« radial nerve at Uirio^l 

2 ^ «r>pend.^ Wier fWa< iKOIa). 1. aOahd of uU coclomic 
'^alcr vo^l ’r T “!*|f** intervorlabral mu*r1w: A. motor nerves; 6. radial 

•^.>')hdary iK.lHrvJ i fl'* j '* ‘‘b main polinn vealvle: 

'«• »t«n W r© ^mirolh sappvrid.i«.s; 16. waJJ of slorimh ; IT. bodv wall; 

i T*'*'*- v-nixior, iMMwavn e. loucuraJ 

' "“'v,., 2ii <«wtor) jNiM of rticlial riorv^ ( - Lutige'a 

Muunil iMrl of f.olml uo/vr: 27. of ii*am Intorul uct\«n. 
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described, the podia are reduced to small inconspicuous papillae that, 
protected by one or more tentacle scales, project on the oral surface 
be^een the oral and lateral arm shields. 

f The ^^•ater- vascular system is lined throughout with a low flagellated 
rocloml<‘ epithelium that becomes cuboidal in the pore canals and 
columnar in the .stone ranal.^ This is underlain in many cases or in 
some regions by muscle fibers followed by a hyaline clastic membrane 
that seems to constitute the main support of the wall, In projecting 
parts, ns the pediun vesicles, this membrane is followed externally by 
connective tissue and then a covering coelomic epithelium, also flagellated. 

9. Digestive System. Tins system is of the simplest possible con- 
st ruction in ophiuroids. The peri-stonnal membrane is attached to the 
nboral surface of the jaw apparatus close to the nerve and water rings: 
heneo the long five-angled cavity boundo<] by the jaws is not exactly 
the mouth, although often loosely so called. The true mouth is a 
circular opening in the center of the |>enstomial membrane (Fig. 2^)00 
It lends Into a very short esophagus that is encircled by a perlstomlpl 
cavity (Fig. 2r>or) in the .surrounding mesenchyme, and in some .“peclo^ 
an additional but sjunller circular cavity is present to the inner side of the 
lavg<T one. The wall of this smaller cavity is provided with muscle 
fibers (Hanmuii, IftftD). and p(»ssild.v Inuh cavities are c<mccrned in the 
opening and ch»suve of the jiiouth. The esophngtts leads into the socri* 
form stomach that fills the interior of the disk not occupied by other parts 
ancl completes the tligeslive tract, for there is neither intestine nor anus 
The n bora I wall of the stonia<'h is closely applied to the inner surface of 
the aboral wall of the disk, to which it is further attached by mesenteric 
Ktrainls. The periphery of the st<»mach is wallofXHl into poiiclies. 
typically 10 in numl)er, fitting helwoon the lairsac (Fig- 2*17.1) and does 
not extend into the arms except in the curious species Ophiorauop^ 
ftofirus^ Indo-I^acific. with yen' .small disk and very long arms, in \vhi< h 
the stomach sends out a diverticulum into each arm. for about two-tliiids 
of its length (Mortenson. 1932). This diverticulum is accommcMlatctl 
in a large space in the aboral part of the aims, aboral to the veitchr.'il 
ossicles, ancl is there supportcnl by a transverse mesentery (Fig. 25."). 1) 
The stomach wall con.sisis from the inside out of a flagellated ci)ithcbiim, 
much taller idmrally than orally, and providetl with a brush border, a 
nervous stratum l>csl develo|>od near the esophagus, a thin layer of 
connective tissue. inus<*le libel's running circularly, and the flagellated 
cuboidal coelom ic covering (Fig. 253(*l. Definite gland cells have not 
been ob.servcd. 

10. Bursae.-- The Inir.sae are 10 sareiforrn invaginations of the oral 
wall of Ibe disk abnxgsidc the arm bases (Fig. 217.1, li). Except in the 
genus Ophiodenua, each bursa opens by an elongated slit located close 
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to the arm base and supported on each side by a genital shield In 
Opktoderma the edges of the middle part of each slit ha^■e fused together 
leanng a short opening at either end (Fig. 216Z)), and hence there are 
t«-o openings to each bursa. The bursae project into the interior of the 
disk, occupying the spaces lietweeii the stomach outpouchings. Thev 
are usually well developed hut reduced in a number of species and 
altogether lacking in some. In the genera Ophiolhrix and Ophiocoma 
the bursae send out a simple or ramifying diverliciihim into the corie- 
sponding Mternal interradial mu-s,-le of the jaw apparatus (Cut'not, 
ISflla, J. E. Smith, 1!)40). The latter author hiid.s in Ophiolhrix Jraailix 
I'co pairs of bursae to each interradius or 20 in ail. of which one pair 
sends a simple diverticulum into the external interradial muscle In 
'■OTvonoerphaU,,. and presumably the Eurvlae iu general, the bursae 
undergo a remarkable cxpan.sion <K«lolov. liHfl, l<l2fiui. the reasons for 
which are not apparent. They spread througboul the disk coelom and 
luse wherever practical, forming a ring space around the esophagus and 
insinuating thcmselve.s l>etw<-eii the stomach pouches and between the 
H omAcn and tho ilUk wall, unitinK to larger spares (Fig. 254.1 B) 
except where pievenicd by the me.s<-iilcriai atlnchmciils of the stoinach! 
■imilar l.ursal fusions are not unknown in the Ophitirae. In Ophio- 
••''I'rlln ror,,nrphor^ and Ophiacanlho ,l,„xixp,m, (.Morleiisen, 

••till, the two bursae of each ray arc ctsilesccil to the aboral side of the 
"I insc, inukiiig five large bursae, and iu Ophiamilrriln hiimala all the 
iiisac are fii.scd into one large cin-ulur .space to the oral side of the 
'doinach (Morlensen, ItKWa). 

Ihc bursal wall histologically rc.sembles the hodv wall, b.il its epi- 

csnTJM'* slrongly flugellatetl. at least in places, 

P a ly along the slit.s. The epidermis is underlain by a thin dermis 
is ,1 ‘•“Icareous dcpo.sit.s, and on the coclomic side the bursa 

,10 hod with peritoneum. Bursae arc pmiliar to ophiuroids ami 

ihroii^".! •‘lolt’K.v. .\ water current constantly circulates 

'valerT "‘i and some species pumj! 

11 and out of them by movements of the aboral disk wall. The 

-t ^ 

>hc“‘lc';im°"? ■•'■’e ooelom oc-eupies such space iu 

'-'irsal ,a,.l I atomach, gonads, and 

l-y the?.n Jiiat indicated, ,1 is still further reduced in the Euryalae 

1888) , ^ sa**- The strands attaching 

’li'i »• cavi., fonn«I by f.rgu.i ol bur..l 4, soclii^f 
'”"■'"“1 rins; 10 -• is-cl; «. hyp»sour.l rise .inasi 9 . main 

IH. WHtcr cinit- 1<J lt^i i “* ** 17. .iH.rnl UtKomnl 

f*»K. IJ. kfe nx»t stnkuh. aO. neM ;>]. coimIbI «i.,lon 
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FlO. 25d.~Cocloti). axial roin|4ex. A. »w(ion Ihrogch lUp arm of 0/>Au»ri 
{after \fortcnsen. B. f«4*lM»n ll»rauali (l»p axial elantl of O/ikiMhrir 

tiirough tha aborat (»ait r>f (he axial aland of OphtalhriT. showing nrisiii o 
stolon. (S. C. a/Ur J. Smith. I940.> I, body vail: 2. arm c'oeJom: 3, st': 
tk'ulum in ann coelom: 4. gonad in arm coelom: o. ironoducl: U. upper m 
muscle: 7. lower inter vertel>ral muscle: 8. radial water canal; 9. radial hari 
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the stomach and other \-iscera to the inner surface of the disk wall 
represent remnants of mesenteries, and as the one or two peristomial 
cavities that encircle the esophagus arc of coelomie nature, their bounding 
walls constitute horizontal mesenteries. The CK-lom also continues into 
the aboral part of the arms as a narrow space appearing crescentic in 
cross section that lie.s between the verlel.ral o,<si,.|cs and the aboral and 

Sir* (Mortensen. 

IJ32) this arm coelom is greatly enlarg.si ami suUlivided by mesenteries 

into an aboral channel that e.miaiiis the .stomach extension already 

menlioned and two lateral channels ihat liou.se gonads (Fig. 2.i.'i l) 

Iherc are further present in o|>hiur.>iils the following minor cavities of 

coplomic tialuie. The live hypcmenral radial .sinuses to the aboral side 

01 the radial nerve cimls give off a l.ranch into each podium, and their 

central ends onler the hyp.meiiral ring .simi.s that lies adjacent, to the 

nerve ring. The axial sinus and the genital or aboral .sinus with its 

WQiiches armind the gonads complete the list of coelomie cavities. 

, 1800 . '>l't'>'>roid.s are mentioned Imeflv by C’ln^not 

The eoelonilc fluid .....I haemal and water-vaseulur systems 
on am very aotivo granular am.-dmi.l cells with -slender pscu<lop<Hls 
■at tend to anuslom<«.e into networks (Fig. L>,-,|f). The granules of 
' .0^ eells are helieved by t'uenot to be of ensymalie mvliire. This 

( ‘ Kcannlalions 

h. m tlie pohan vesieles iiikI axial gland and believes the latter 

co,.u!m formation of coeloinixyles. T|,e preM-iice of rounded 

nif)f jU's in lh«‘ axinl kIuihI is goticTully rfp<)ri(*<I. 

ho(*,w. Axial Complex. This is uoll <h*volop(Hl in ophiurolds and has 
UI haustively d... r.lHxI by Fedotov ,l»-.„ f„„„ , 

a tL " to tho.se of 

Wanse''’f''!'r'’i‘ instead of aborally 

iiroids Tk 'n“<>reporite on the oral surfaee in ophi- 

anmuli,, f f'"'" hyponeural ring sinus to the 

ulla of the water-vascular sy.stem beneath the madreporife. The 
jal S .IUS ,s nearly filled with the axial gland, whieh is attached to its 

(I'ig 2 W ' '•ight and left portions 

mmn..rT. M '•'■■'l-lov, an. I hi.s views are strongly 

■■oir,i "«**' Ihe left pan 

■lorsal sa 1 “ 'I'" right pari to the 

01 madreporic ve.siele. At its oral end, corresponding to Ihe 

r'-'i r..cio,„oov«.; 

ffluM,!. ''' 19. luiomul mig: JO. »U.rul shuh: 21. or-| part axial 
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al)oi'al en<l in asteroids, the left axial sinus comn^unicates not only with 
the ampulla but also with the genital (or aboral) sinus, whose peculiar 
course in ophiuroids was discovered by Ludwig (1880). This sinus loops 
outward in five places that are located aborally beneath the radial 
Khiclds and then descends orally along the interradii to form five inter- 
radial loops located near the buccal shields (Fig. 256.4). The genital 
sinus <H)ntains the aboral haemal ring and the genital rachis and gives off a 
cooloinic sac around each gonad. The stone canal, shortly after leaving 
(he water ring, enters the left part of the axial sinus and, closely adherent 
(0 the axial giau<l, accompanies the latter to the ampulla (Fig. 254C, D). 

The axial glaiul consists of two regions, a darker and thicker ahoral 
part (corresj>c>u<ling to the whole of the axial gland of asteroids) and a 
lighter, more slender oral part (corresponding to the terminal process of 
the gland in asteroids that occupies the doml sac). \s in asteroids 
and cchinoids, the gland is esseiUiully a haemal mesh. It consists of a 
network of connective tis.Huc containing rounded amoebocytes in its 
spaces (Fig 255^). There is little histological dilTcroncc between the 
darker and lighter portions, but the latter contains fewer amoebocytes. 

13. Haemal System. .\s in astcoml.s, the haemal chuniiels, except 
those of the digestive tract, are eiiclosetl in tubular coelomic channels, 
often cnlhnl pcrihnemal canals in the literature. The main oral haemal 
ring is found inside the hyponcural ring canal (also calle<l oral perihaemal 
ring), IncatcHl to one side of the nerve ring. The oral huemal ring « 
attadunl to the wall of the hyponcural ring canal opposite the nerve 


ring, witli the nmin cavity of this canal between the two structurw 
(Fig. 250^’). One end of the axial sinus originate.'^ from the hypon^t>i’^^ 
ring canal, and the axial gland is continuous with the oral haemal nng. 
The latter gives ofT a radial haemal channel into each arm; this h^J 
in the hyponcural radial canal situated to the aboral side of the radia 
nerve (Fig, 252(*>- The hyponcural radial canal is sometimes or nj 
places suUlivided by a very short vertical partition, and the radia 
haemal channel is located in this when piesenl. Haemal channels are 
given off froni the radial channel into the podia. The ahoral haenia 
ring lie.s inside (Fig, 2570 the genital or aboral c<»elomic sinus desen ) 
above, and the axial complex has the same relations to these as to t e 
oral haemal ring ami hyponcural ring «nus, that is. the axial .‘>ni us i 
continuous at its so-called aboral end with the ahoral coelomic * 
and the axial gland is continuous with the aboral haemal ring- J 

axial gland is therefore a haemal center connecting the oral and a >oi 
haemal rings. The almral haemal ring gives off channels to the mrs 
nails and gonads and receives in each radius a gastric branch from 
stomach. These gastric branches are the only parts of the haem 


system not enclosed in coelomic canals. 
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The haemal rhannel., also called blood lacunae, are of simple histtv 
ogi.al ooiistrucUon. In the smaller channels the u-all is made of a 

tissue (Fig. 2obB). Die channels are filled with a fluid oontainine a few 
amoebocytes similar to those in the axial gland. ^ 

U. Reproductive System and Reproductive Habits. The gonads are 

i, Is T'!-! <l>orefore project 

(oilom, still further r.shiciiig the .space available for the latter 

goiiad.s ongimuc from n genital ru.diis that runs iii.side the aboral 

oral ( ^ " I' '"“•"‘“I '"'K '=< continuous with the 

Kim ll laT'''' ■’''-•'■•■i-'-’ «■-<' of the axial gland, the 

ft,,,. to originate from the latter (Fig, 2o5f'i aeluallv 

The I'inulf '-‘•‘-"KioK '<■ the right )mrt of tlie axial sinu.s. 

he sinuous eourse of the genual sinus was de^Tibed above (Fig 2o(i/!) 

hratwl ' j . V 'i l>y -'''tttts of a 

tfcnilul si. n "'7' t't^ I'ud.led from the 

is a r. 7 , "■ "'<• «ona<l 

raclnsis containing germinal 1i.s.sue. Th.. genital 

ihe Huml'’'’-''" 'Titratisl by a .sliealb of llaltened eell.s from 

eells ' ""«• " ‘•""'aitis llie primordial germ 

^ 

"f varies. There may be a 

Ld “1*^*:*“*^’*** ^•“‘*** <>r two per bur«a. one on iU 

vaiio ,s“ < '"’i ' "f » '‘'■‘••hfr of smaller gonads, 

25(l/j sometimes in rows (Fig 

wry t,;S rr OMtVo„ops /aptes Utl, 

'-<J««1 hi t, V ioi-t; they are 

I'wiiliar /xi' '’"'K'’ fot'loms of this 

I..lja,.e,u 1:; . -■'■V'’ 'hrough the 

“•"rya|.u.) em r .1 f""-’’'''''"'"' '-vlonging to the Trichasteridae 

fw im„ "^ 7 '' i-"."'' '"fkv.s a loop extending 

■’•'‘"■il'in ‘,t!'ii. f '’f i-'to the t.ursae is not clearly 

'■5' t* ru "hen ripe each gonad dis.harges 

'J'he sex "'""'“'■“r.v opening into the bur.sa to whieh it is attached, 

-fils arc omitted through the buixial .slits in most ophiuroid.s. 



Fjo. 25C,—lTtH'nioI r^ro»l«rliv» 

s>'stcm {Onsni Hamcut. |xsf)i. A.»oc(>o(i tliruU|!l 


.4. icliome of tli< o\>U\yJtoi<l 
• radial Uacmul Hiaiihol. C. ‘CCtion 


of a bursul sue ol «icl» ottarhrd ovaries. (B. C. 9fl<r jssy.j 


odial 
ral 

m \ «i .«♦ «A« ai««/ ♦ * **^*.*l y* ial 

.mtius: 5, ai>orai haemal 

claodt 9. wnler rinc: jv. |k>ji»h »». lauui »••••••.««. ••. < — . , 

hyponeural ring sinus: 14. di^k wall: 13. bursa: 16. ovaries; 17. gonads: 

of bursa wiih genual scales: 19. aboral diver riculum of bursa; 20. gcmlil racLis: -J. <«*«'«* 
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bursa of Ophio^^^ypha with attached gonads, estcrnal view, outer end below, interra 
side to right (a/frr Ludvig. lS7Sa). 1. arm base; 2. edge of disk; 3. bursal sbt: ’• . 

mal ring : 6. branch of 4 and 3 to radial side of slit ; 7 , axial sinu^ .9. ^ 
g: 10. polian vesicle: 11. radial haemal channel; 12. Iiacrnal nnc. • 


I 
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In a detailed study of the reproductive system of Ophiolhrix framlu 
J. E. Smith (1940) found that each of the 10 gonads narrows to a definite 
cjhaUd pnoduct that opens onto the side of the bursal slit. In species 

acking in bursae, the gotmds emit their products directly throuirh the 
body wall. * 

The gonad eon.si.^t.s chieflj' of g<Tni cells in various stages of develop- 
ment that at limes of sexual njM'nexs almost ocoludo the lumen. The 
mass of K.T 1 I 1 colls is siirromKl.Hl l>y a cc)m«-.'ii\-p-ti-..sup layer ooiifaiiiing 
some tmiM'le fil.ers aiiJ covere<l exlcniully uilli ewlomic epithelium, 
Ihe pi'i'sei,,.,. of musele fillers imlieates that eoiilraelioti plavs a role in 
(ho clisrharBe of ripe Kern, eells. The E-.iad may he more or less 
mihmvnled by partitions from (he layer of eon ikv live tissue. 

I he great innjorlly of the t bihiiiroldea are dioecious, but the soxes 
cannot usually he dlMinguisbiHl exiernully unless the differing colors of 
Uic ripe gonads affect ihe usual col<»ralion. There are. however, four 
'species known llml exhibit proiuajMeetl dimorphism, having dwarf 

maes that ding to the much larger female. Mortensen (1933a) dis- 
covered this stale of affairs In Atttjthi/yaiK androphorujs, J^)rtugnese East 
AJiHcu. at first thought to be carrying a young si><*ciincn over its mouth. 

(\CS igation showinl tfiat tlie Mij>|>o.s4Ni young animal is really a male 
^‘n<l (hat the male remains |HTmaneiitly in this |>ositli>n, with liis mouth 
piessed against the female’s ami his arms alternating with hers (Fig 
-•>«.l). Mortensen then I>e1 hough l fiimself of two .similar cases ryporled 
>.' Kimhler in which uii adult was thought to be <‘aiTviug a young 

'■('(ml (noulh t.. inoulh. Study of ll„^ lip.vios, Opinosphavra imiynis 

Opiumhphn,. maUrna, provod lluK l.cr.-, l.xi. iIk- couples consist of a 
‘ ^ tnix\c. Still another example was ivjxirted by Morten- 
» ( Mb) from the antarctic where the females of the gorgono<'ephalid 

‘Jirochlamy, bruneusuTC moslly found with a smaller male riding on their 
^•>oial surface. 

A considerable number of ophinroids arc normally hermaphroditic 
/liw -MetschnikolT (IfWi'b in Ihe cosmopolitan species 

ovafJ'^*° i's R;«-'ie(ally picsent one 
tm,/ ? , "'"''■'■'“■'“I ""I'- “"'I o"" testis on the radial side of each 

^ a, allh.mgh ineEularilios cKTur (Hk. 2 :, 71 -:). As there is les.s space 

Icsii • “ becaiis4-of the presence of Ihe arm base the 

dilism displac-e.1 nlmrally. Since ibis first report, licimupbro- 

bcln„„; “V’T' opbiurnids, all 

»<-n’s / The Inle.sl lUt ..f ihe.s.- appears in Mo.len- 

lopi.it (103(1), nheie 3(5 S|H-cics are stated to be known 

dioeci,,!,/”' of Ophioscolez nulriz, is sometimes 

taiidri,. I 1?'^ one-fourth of Ihe liermaphr.Klilie species arc pro- 

• "d the Eoinid.s arc first male and later female: (Jpliroccrcs 



Fig. 257. - Ucproiluciivc »y»lcm (eonlinued). A. immnturc 
&lwr»l ili<«k wnll removed. B, sftin« as A, sc.vunlly mature, with svuaih. M. B. v 
/.riihno. 187Ha.> C. cro-t sat* I ion tlirounh I lie alioral 'in us with ciiihwed alx»ral hsern"‘ 
and Bcnilfll rachi» (a/frr Hamamtt. 18X9). D. Konad airangeinent in etripa^^- 

E. gonad orrangteinenl ol AmpAipkotia a^uomaie. te^ti^oii cadial, OA'ar>' on interrsdial »' 
of liUfAul .'lit, F. Afftpkivrg ecnairiel^. both gonads on llicinleriadial mcIc. G. OphioP*ff''^ 
c/oiiff^ra, with two )ierniep)trod»lie conads per hursa, both on in terra dial side. (" • 

after .MoncHarn. IWO.) Larger of two genital plates is always on the radial side; 
of genital plates Is toward arm haae- 1 arm base; 2. ctii aboral wall ‘d di'k: 3. bursal « • 
stomach pouches: o. gonads: 0. aboral ring sinus; 7. alnrul haemal rmg; «. ^ ' 

l>. genital pl.Mc of radial side: 10. genital plate of Interradial side: 1 1. bursal sUt: 12. o^a^> > 
13. testis: 14. hermaphroditic gonad. 
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incipient is suspe.'ted by Mortei.M-.. (1936) of undergoing several surh 
-•hanges of sex. In other hermaphrciitic spc,.ies the gonads may be 
ovotesles, and ... sfll others there are separate testes and ovaries, usually 

oJ'^terr d”T 

oond tin 1 °''“''; *9»amata, but other 

condittons are desenbed by .Mortensen (1920, 1933a, 1930). Thus in 

Amphtura mortonma. .vhich laeks Imr.sae and l,un«l slits, there is one 

rimes r '.“'u "'i'' ‘‘i^«-harges , hrough a gonopore near 

he bueoal shield .ImpAiara bor.nlh has also one interradial gonad per 
rsa, which IS firs, a testis, then an ovaiy. In A,np>nura conJc,a 
die mary and testi.s of ea.-h bursa are both on its interradial side (Fig. 
one L f " "■‘■I'' '"'o to four interradial and 

one 0 Z I t rncridionalU has 

burs^ ,? n "V,“‘ ; """ to each 

i u^r, I h,^uUc,ra the R«na,ls are ovotestes, two on the 

■ radial side, one on the radial side per luirsu. Two testes and one 

m d ‘e" oo‘l sometimes an 

«l>liltonal estis on the ra.lial side in Hu.jophiura nodosa, and in .S’ 

ir ‘ 'f- “■»* i'" i 

X nl.'r> ; !"■" ''■•■•gularilies 

n in Oplaonolu^ l,c.u,rlu. winch has up to three ra.lial Ies1e,s, depeud- 

K age, nti.i three to five ovaries, even as inuiiv as eighi in one sneci- 
l.r rih All hermaphrodiei.. .iphiun.ids 

\noinabi hermaphroditic. 

Xrr "f dioc-eious species are 

M.n^mes found; .hmsThor-son (1934, had two hermaphroditic Op/i-X 

""Other ’leX'”'' , u"‘" 

■>f Lv in! XiT «'ote only, hence 

»ites ! ir, of all 

testes LdT ^ '■‘'•'P"'-''’ "•'■'•e all females, although 

had bpcri seen m previous rnalerial. ^ 

«Pf'vn dinTlly into the sea water, discharging 

during ,pri,,“ 1™“^ ' ??“’ usually takes place 

^pawniZ ,1 thus may relatHl to rise of temperat.ire. 

H»38) and OlXwluLn '‘‘"“f ““‘®d by Mortensen 
Piessurc on tW d k n’ "'i«ry to arms or disk or 

evident cause wl ^^' »P«^-">>ens often spawn without 

m- during .lip .,v . ''■‘"I'*!' ‘he laboratory, either in a short timo 

night aimears'"!"^ °f ‘he same day. Spawning at twilight 

•^Pa'vn ft-,“t f ,r “ '*'""h“v of species. Males usually 

h-"ales i! t’iS '! " 7 '’“f «mnotimos 

■atcspaaning. In several species the brittle star raises itself 



Flo. 258. ha>n1». A. kmnk rorrym* dw“ff 

mole m on til to mnuth (o/Ur 193^). 3, Am^tur^ in Hjinwinoff 

(tide (a/tf' .Uorffn4rn, 1020). 

spawns ill summer. The circumboreal dais)’ brill le star Op/u’op/ie/t^ 
acttf(fj/a breeds in August i>(T the coast of Maine (Fewkes, 188(i;. in 
and July around the British Isles (.MoHenson, lt)27), from April to 
AuRust in the North Sea (.Mortenseii and Lieberkind, 11)28), and in 
April and May on the coast of Norway (Olsen. I0l2ln. Other data from 
the last two references and lotalilies are Op/tiuro of6fV/G, May lo June 
and August and September; OpAfocowina ifif/ra, June lo August; Op/no- 
/hrix fexfurofo. July; .l«jpA<«ra r/tiftjf/. fall ami winter; and Jmp/nVa 
/i I (for mis. summer anil fall- C’ominon speeie.s at Plymouth, England, 
breetl in summer (MacBiide, IUl)7: Narasimhanuirti. 1033). Plut(?i o 
07>/ib/r<i aihuh and /txfurafa. .1mp//iura Jifi/ormis. Op/uoromifta 
and Op/iiof/irix /raffi/is were taken in the low on the Baltic eoa«l <• 
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on its arms above the substratum to spawn (Grave, 1915; Mortensea, 
11)20; OUen, 1942b; the AlacGinities, 1940; Fig. 2585). Although 
tlie sjiavvning period of a given species usually extends over a month 
m more, probably each ripe individual discharges all of its mature sex 
cells nt one spawning, sometime.s with short pauses. 

breeding data are available for a number of brittle stars. The 
common (Jp/nm/crmn 6rm>pfMO of the Atlantic ('oast of North America 
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Sweden by Mortensen (1931) in August and September. In tropica, 
waters, also ophuiroids commonly spawn in spring and summer. Thus 
Mor enson (1D30 notH spawning of several species on the Red Sea in 
Apri and May and on another orea>lon <1038 ^ in Jnly. Thin author 
(I J.l) saw spawning of Ophomreig at Tobago, British West 

nd^s, m Apnl and { 103 h of (fphiocomn •f'hhiato ut Bermuda in Jnly 
Not all brittle siai^ .<|mwn into llie mu water Fell (1011) deseribod 
an unidonlitied New Zeulund o|dnnniicl that stieks a plate of JO to 200 
very yolky eggs to the underside of Muall Mone.s or sometimes into rock 
creneosor onto M*awee<ls; this spe.-ies lny> during .\ugust at or near high 
tide. A eonsiilerable number of \iviparous oplnurohls brood their 
young in the buisue or in a few ru.sc.> viviparotis development occurs in 
the ovaries. Bursal firo^nling in brittle .stars was discovered by Qnatrcf- 
uges {1312) in the eosiitc»pulit:ni Ampinphttlig i^uam<tta. Since that time 
insiiuicTs of th<. bru.Kiing habit in f nil tie stars have Ihhui reported in 
mci casing nuiniHTs. This lopie was n‘view<Hl bv lunlwig (lOOl) and 
-M|.r(cnM.n ,19'X., I!)33., 1939, . In t.i« I'lHd o„ «,ul 

9hai,tnir,i<. oplimroKls, was able l„ a.l.l 9.-, new iiisliuircs of 

''rno.liim Kroup, nu.ki>.« ii lolal of I »,.«•!<■> will, f.m.Hliiw hal.ils 

"ow, l„ , l.av.- iK-i-ii r.-i)„rl..,l a,„| ,|,p 

mml.,.,- of l.riHKin.ff l.ritilc stars will l.c .-oi.si.l.Tablv a<m,nct,(,.cl ii. il.c 

"lire. •'Ml, other .•.•lull, HlcTm<’lav„.s,hriHKliii(.ot, III, ii'olcisarccspc, iullv 

l'i<‘':.l,.ut 111 till- antarrlir aii.I sitl.aiil.-.r.’lic; Mori, •us, -n iioli-s that .Vl 
pc'K's or at, out half of the know,, opl.lun.l.ls frotu llirs,. roeions ar,' 
iimroiis. now.-vcr, t,r.H«li„B Iwilllr stars arc uol IImui.hI to .■old 
Ji.-i, «.s son.,. w,-l|.know„ forms with tills hal.il ,lwc|| i„ the tropics, 

(), I ‘ ill "'I' "'...sl III, lies (.Moripuscn 1921) 

l>> on,. l.,.o,„luiB curyaUHts ophiuroid is kuow,.. the nnlar.’tic A.lro- 
ini mux. 

hr.„"liuB ophiurohls the cbbs a.-,- .lis,.harK.Hl as usual iuto the 
HO u l ; ‘‘"'•‘■'"'’•■'I j'lvoi.ilcs, often 

'■0^1 s i T "'I'-' "ii-'iKli 'lie narrow 

forn, .'•'•'IIIK «n.' enclose, I in .saeci- 

01 , Iv '"iii^P (-Muinkami. 191li. There are Kenenllv 

"piortoM 2'’'"''' !" ^I'lrnkumi (19lil reporicsl 

■on, 1 un':\ ■'^'-V’phima ami .Morten- 

” ^ found about 2tM) embryos in eji<-h linrsa of the vivio'irons 

'•'-nun.n, T i , Thus the 

brmls throughout the year (AfacBridc, 

'•I- fouu.Vi,,’'’,! dfvelopineiilal slages mav 

k I CM sl seems to cNteiid over al.cul hilt a year, Murakami 
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(1941) reported that Stegophiura sculpta, Japan, breeds from January 
to J,^y and contwns juveniles from May to July. Similarly, Ricketts 
and Cahan (1939) record that Ophioplocus esmarki, California, is found 
h the bursae swollen with eggs in January and containing young in 
July These data indicate that some 0 or 7 months elapse between the 
discharge of eggs into the Imrsao ami the emorgenec of juveniles 

It is not clear to what extent brooding ophitiroida arc genuinely 
viviparous, that is. conirilnile nourishment to the developing ctiihrvo.s 
dming their sojourn in the bursae. In .lmpf„>Ao/,a ^uamala the burscl 
ttull puls out a fttalk that altavlios lo I ho oinhryo, but Foil fUMb) \h of 
‘noopmion that uo nutrition passes uhmg this Mai k. He notes that when 
an emliryo is pro.sont therein, numemi.s haemal simiscs. absent in the 
unoccupied burwi, develop in the bursa) wall; further, timi the attach- 
ment stalk ilisuppeais lief ore the main growl h processes set iti. The 
oinf>ryos of Amphiphoin are therefore probably nourishiKl bv 

Inc bursal wall, for Ihc yolk present in I fie Kinall eggs of lIiU species 
appears msufhcient us a focal supply for the entire inirabursal develop. 
»mnt. Pell (Kuo; embryos rcmiovcnl from I he bursa wuuiri 

survive onlyu fesv days unless furrilshed with nntrimeiii. (Jt)ier brooding 
‘T^iuroids have such lorpe yolky egg^ Oiat (he yolk supply may be 
sumcient for the entire deyelopmeut. 

iVesumobly true viviiwrity obtains am<mg tlie anlur<‘lic brittle 
>^^arK in which eggs develoj) inside the ovaries. For years the only known 
0 (Ins kiiul was (fphionoltis heiactis, but in mu Mortensen noted 
«fveial others with this habit. In (>. hnaefin (Mortensen. 11J2I) the 
ovaries have the shape of hollow vesieles. Usually only one egg ripons 
^ mie and this falls Into the lumen of the ovary, remaining there uiul 
»dergoing development, with sulKs<H,uent distension of tlie ovarian wall 

ovoeytes that presumably are used ns 
Uion by the growing young. There is usually but one young in each 
Ta' Of three ore found and on one occasion six were 

aluL o develr>|)s to a juvenile of quite laige size with a disk 

it »lf f »rm.s alwut 20 mm. long before liberating 

(uTIr, through the bursal slit. Following 

ovary ovarian .sacs shrink considerably and regenerate a new 

brooding and viviparous ophiuroids have lai^e and yolkv 
mat undeigo an altered and .shortened iyj)o of development, with 
ni.ssion of a freo-swimming larval stage. It is probable that in 

'•"'K|<o.icr«latorali.rn ^ . -rchenlcron; 4. ftkeJoiai rod-: 5. hegm- 

; I* ' ^ 8. *»tojna.Ii; 9. left -DimitocK-h 

lH..,onU .‘"n,; \l' 12 rUhl «oh>droco*l: 13 . po»t..rolMerul orm.- 

n.i-, I.,. «rin-: Ifi. Wl a^.M-ocI; l7. IrfI hvclrcsn.! with 
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Fro. 2C0. — FmbryoJogv (continued). A. n*ctamorr*JiO'>>ne gluteus o/ 
with young ophiuroid developing (efitr Morien>cn. D, late •lage of mdamc 

p( OphiopftoiU a^>^/rnln. plutcai arms dogencfiririfi; onJ> Iki'c* of po*icr«>l.slcr.**l arfn« 
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many cases the more advanced embo'os devour, or id some way utilize 
as food, eggs and earlier stages. Because of the ease of obtaining an 
ample supply of stages, many of the studies on ophiuroid embryology 
nave concerned brooding speoies. 

16. Embryology. -^Species with small eggs shod into Ihe sea water 
undergo an indirect type of development svith a swimming larva having 
the characters of a pluteus that mrtamorphoM*H into a juvenile ophiuroid; 
those with larger yolky eggs that are l»rcM»cle<l orattacfufi to objects omit 
a swimming larval stage a ltd develop more or less (lir(‘<ily by a shortened 
and altered methoil. .Vrtiheial fertilization gi'nerally fails in ophiuroids 
and hence material for studie.*^ of iiidireet development must he obtained 
from natural spawnings. This diftieulfy explains the few available 
accounts of imlireet development in ophiuroids. Ojjly three such 
Hccounts in fact appear in the literatim*: that of MacBride (1{>07) on 
>phothrufrQfjiii^. tlmt of N’arusimhamurti (H«3) on Ophiocomina nigra, 
ami that of Olsen (HH^bl on OpfiiophofiM oruhofa. \s the indirect type 

0 development is un<loul)ie(Jlv the less modified, (he account will bedn 
vvHlh this. ^ 

Jhc egg undergoes holoblastic, praetically equal cleavage, and a 
ypK al blast ulu results within *J I hours. This nijrturos tlie fertilization 
me I libra,,,, ami starts a free existence; it is completely ei Mated (flugel- 
•“ted?) and swims alxHit with the animal p<ile forwai'd. From the 
'cgei alive pole, itigiession of mdls cKTurs to form tlie primary me.sen- 
; and this event is foll<iw<sl by a typieal embolic invagination 
Knstruin is cojn|deie(l within 2 or 3 flays. The epidermis of the 
luiimal pole thiekeji.s ami bi*eomes vaeuolaled. apparently iicling as a 
'mliiig deviee, fmt then* is no imiieufion of ati apieal sensory tufl. The 
vnm iiig tip of the arrlieriterou proliferates the M^eondary mesenehytne. 
the gust mint ion is romplete<l, Ihe tip of the urehenleron ditTer- 
^Mliuies as a thin-wulleci coelomic sav (Fig. This either cuts 

lie ,^.1 ^ suhsc<|uently divides into the two coelomic sacs or it 

ops a lobe on each side that separates as a ecHotnic sac. The 
0 coeioiuir sacs move to a pasition along the sides of the archenteron. 

II M has broudencfl Its hlaxtoporal surface and 

neu Tr *'''>'face that i>eeome.s ventral, From the ventral .surface 
I* he aninml pole n stonuKlaeal invagination unites with (he urchen- 
ciiltrf "*‘^'*^* l^shapwi digestive tract that soon differ- 

into csophagu.s, stomach, and intt^stine; the bla.stopore remains 


(' I * ' • 

Pj«*«us *n «»rly i3iHamorpIios,js showing djgP*ljvo tract 
A, huc-al c, I. do«cnrrBUriK plutcal arms; 2. .skoJetal 

'•‘r’"**,- ’• podia: 5. lerminul lenUH©; 0. mogtU; 7. stomarh: 

19 I • •W't»^»Por>« •••‘••I; 10 . *lohr canal: U. thiok«ned ciUattd urea of 

> ‘ .Hiirie, 13. anus: M. ventral horn of left 5ornatoco<l: Jo, esophagus. 
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as tbe larval aims (Fig. 260C). The cilia (or fiagella?) become limited 
to a broad band that encircles the part of the gastrula at right angles to 
the gastndar axis (Fig. 259^4). 

The larva now l>fgins to put out arms and gradually develops into a 
pluteua very sinnlar li> the cchiiiopluteus; to distinguish it from the 
latter the name ophiopltitciu is applied. The ciliated band accompanies 
those outgrowths and edges them as in othe r larva e. T he vacuola ted 
e ctocTcrmar c res t T>f eariiel^ sta ges returns to a n ord ina ry epith elial 
co ndition . There first appears a pai r of p ostero la teral arm s (Fig. 2o9£f); 
mesenchyme wanders ii»to these and in each secretes a three- rayed 
skeletal ro<l for the support of the arm. At about the fourth day the 
anterolateral arms, supported by a branch from the same skeletal rod, 
grow out from the anterior (original animal) part of the larva. The pflir 
of skeletal icmU also sends posterior cxiensiun.s into the now prujecliag 
rounded posterior end of the larva (Fig. 25Df At about 10 days of flge 
the post oral arms arise opposite the anterolateral arms, ond these also 
are supplied by hrunehes from the same skeletal rods as the othcis. 
Finally, at about IS days the fourth and last arm pair, the pc>siero<lyrsii) 
arms, puts in an appearance (Fig. 250/.)), ami these like Ihc others nm 
Hupporle<l hy the same pair of skeletal rods, now four-hram’hc<l uiid with 
a posterior extension. The arm s continue to Icj^thmi for u few days, 
and the ophiopluteusjenehes its full development in almut 5 week.'*. 
'rUc_posicroiiU^Ctd ariua arc.ob£u.vcry Umg, «w|>cciAUu in Ophiofhrix and 
ot ho r () h i ot ]\ rl < di id ao . 'I'he £oajer oclorsal_a r n»s _^re sotn t^l i n ‘ es \va n 1 1 1 1 g. 
In some s))orjes a pair of epaulettes develops at. the ba>e of the poston>* 
lateral arm.s. "Ophioplutei wore noticed in the plankton and desriil>c<l 
before their relationship to ophiuroids had been discovered. Nurnciou'^ 
figures of ophioplutei appear in Mortenoen's studies of larval echiiiodcni)?' 


(1921, 1031, 1037, 1038). 

Mcantime the interna! development has continued along lamiliaf 
lines, The two coelomic sacs elongate, retnining their position aloiig 
either side of the digestive tract (Fig. 259/.)}. They give o(T imisH< 
fibers to the stomodaeuni which has a very wide aperture heavily pr^* 
vitlcd with cilia and which, now invested with a muscular Ia 5 *er. is abl^* 


to take in food. Each coclomie sac divides into an anlerior and posterioj 
portion: either before or after this divisuoii the left one puts out a lube 
that meets an ectodermal invagination, thu.s estaldishing the hyclropoi^’ 
and its canal (Fig. 252.1 ). The posterior part of the left anterior coelom 
(axohydrocoel) constricts olT os the hydrocoel: the constricting pai't '^* 
drawn out into .i canal that becomes the stone canal- In 
Olsen insists that the hydrocoel arises from the anterior part of the r ^ 
soniatocoel; if this is not a mistake it would indicate that the 
constriction of the<»riRinaI left eoelomie sac varies in different <»phjurcn 
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Olsen furtlier slates that in Ophiopholis the stone canal arises as a 
protuberance from the hydrocoel and subsequently forms an opening Into 
the left anterior coelom. In all cases tlicre is also formed a right hydrocoel 
that Inter degenerates. The left hydrocoel soon puts out the usual five 
lolic.s, each of which represents a definitive radial water canal. In 
Ophiothrix the madreporic vesicle or doi*sal sac is formed from the right 
nutorior coelom as in other e<4unoderms, but in OpIiiophoHs Olsen 
surmises that it arises from the left somatocoel. This docs not appear 
\'ery probable in the light of the generally accepted homology of this sac. 

Metamorphosis begins with the appearance of the primordla of the 
definitive skeleton (see Inter) around the sides of the stomach and the 
curvature of the hydiwool around the esophagus. The pin tens con- 
tinues to swim during the metamorphosis. The hydrocoel continues to 
encircle the esophagus, nt the same time undergoing a rotation, and 
eventually its cuds fuse to form the water ring. The left somntoroci 
puts out a dorsnl an<l a vent ml horn and these fuse around the esophagus 
to form a coolomic ring that lies to the a)>oral side of the hydrocoel rinic 
(Fig. 2<)I.L B). In Opliiopholin this coeloinio ring puts out a tubular 
outgrowth into each arm, niMl these outgrowths arc llic hyponcural 
rndinl simiscs of the arrn.s. In Ophiothrix (Kig. 202/1) ^taclbidc slates 
that only four of these sinuses nro outgrowths of ihc left .somniocorl 
whereas (ho fifth one conics from the left anterior coelom oraxohydrocoel; 


whereas Narashimhniinirti finds that in Ophiocoinina the fifth out growth 
is also a derivative of the left somntocoel. Kpinoural folds (Fig. 2(ri.li 
arise as in cchi holds and close over to produce the epi neural ring anti 
rjullal siimsc.s, which may Ik* taken to represent enclostnl ainbulacial 
gvoovoH. The nervous system forrneil of ertwlermal thicker ling.s 
203.1) also becomes en closet I by the fusion of the epi neural folds. There 


U some iiuli<*alion that the hyponeurni or motor part of the nervous 
system is derived from the cells of the wall of the hyponeural .«liius. aiul 
the Inlevvorlebral nui.<clos may also come from the same source. Ih^ 
hydrmool lobes have elongated to a finger shape and begin to put out 
paired side branches (Fig. 2ti3/f. C) that push out the ectoderm to form 
the definitive pwlla: the tip of the original lotie rciiialns ns the roclomu 
part of the terminal tentacle. .Meant i mo the pin leal arms are g rad "u .' 
shortening aii<l their eontniiMxl skeletal supports break ofT and arc 
discard chI (Fig. 2(i0.l. Bi. 

The amis closes and the intestine degenerates, as does also ' 
esophagus for the most part. There is of cotirse no anus 
the adult. Stomach and month move to the definitive posh ion. ' 
stomach fills up with folds ami cells but later hollows out again an^ 
differentiates into the definitive .stomach. The accounts are uii<har a- 
to the fate of the larval motith, but apparently the larval mouth per»if - 
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as the adult mouth, or at least the latter forms in the same location. A 
portion of the esophagus appears to persist and give rise to the adult 
esophagus. 

The oral or hypogastric part of the definitiA'e coelom is usually 
derived from the main part of the left somatocoel in echinoderms; but in 
ophiuroids it seems that the periesophageal ring coelom formed by the 
fusion of the dorsal and ventral horns of the left somatocoel contributes 
largely or in pa it to the hypogastric coelom. In any case the latter puts 
ont five outgrowths, solid at first, but hollow later, that become the arm 
oooloniK and are the first indication of the formation of the adult arms, 
(’overed by the adjacent ectoderm they' l>cgin to grow out as rounded 
l>ulgc.< that are in line with the hydrooool lobes, now bearing one or two 
pairs of lateral poiUa in addition to the terminal tentacle, and fuse with 
them. The right somatocoel furnishes the aboral or epigastric part of 
the main coelom, but in O'phiophoMz both right and left somatocoeU 
contribute to this. By breakdown of the walls of contact the general 
main coelom of the adult is formed, with remnants of the walls persisting 
AS the straiuls supporting the stomach. Still another jicriesophogcal 
cooloinic ring .sinus is formed and presumably is the periKtomial ring sinus 
scon In the adult- This originates, according lo Naraslrnhainurti and 
AtacBrlde, as a tubular outgrowth of the left somatocoel that Insinuates 
it.Hclf ubora! to the water ring; acconllng to Olsen it arises by the appeai*- 
aiK'C of a Uirnen among cells of cooloinic nature. 

The development of the axial complex is complicated and the available 
accounts are nuclear and discrepant. It appears established, however^ 
that the ampulla comes from the left axohydroooel. As already iiidi- 
<'ated, the dorsal sac which Womes the right part of the adult axial sinus 
proliably originates from the right axohydrocoel- The source of the 
main or left part of the adult axial sinus is not clearly explained in the 
literature, except that it is of coelomic nature. The axial gland develops 
from the coelomic wall covering the stone canal and soon spreads and 
enlarges until it occupies the greater part of the axial sinus. The stone 
canal unites end to end with the hydroporic canal, and the original 
hydropore remains as the definitive pore through the niadreporite. 
Additional pores and pore canals when present presumably ari-se by sub- 
division of the original ones. The primordial germ cells become dis- 
tinguishable by their large nuclei as a group of cells in the wall of the loft 
somatocoel adjacent to the stone canal. This group of cells elongates to • 
become the genital rachis; this grows out into a coelomic diverticulum 
that originates from the coelomic wall adjacent to the stone canal, hence 
also presumably part of the left somatocoel, and liccomcs the genital 
or aboral sinus. 

The development of the skeleton has been particularly studied hy 
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Ludwig U88*2), ^lurakami (1937, 1940, 1941 j, and P'oll (1941). As in 
other echinodernis each skeletal element begins as a calcareous granule 
that rapidly becomes a tri rad late spicule and this develop.s into a perfo' 
rated plate by the usual process of putting out branches that anastomose. 
The vertebral ossicles ari®e by the fusion of a pair of such plates, but 
each of the arm shields comes from a single embryonic plate. The 
primary skeleton of the a bora I side of the disk closely resembles that of 
echinoids and as1eri»ids. Five ra<lial and five terminal plates arise along 
the radii and a central plate is addt*d a little later. The five terminals 
move dislally as the arms grow, always remaining at the arm tip, and new 
vert e bra Ls and arm >hie)dH are laid down immediately to the oral side of 
the teriiiinals. The buccal ^hields soon ap])car in the interradii and 
one of them grows around the hydropore; at first they are femnd on the 
aboral surface of the tiisk but gradually become shifted to the oral 
surface, according to l.iidwig and Fell. Murakami Atates tliat only the 
oral shield .surroumling the hydropore makes this shift and that the others 
arise in place on the oral surface. The original arrangement of the 
plates of the ubonil surface of the dUk is usually <lUrupled hy the interpo- 
lation of secondary jilatex. On the oral surface, the mouth armature 
dcvclo)is from five groups of four pair.s of spi<*ules each (Fig, WZH), two 
pairs of adanibttlacruls and two (Miirs of nmbulacrHis. In each group the 
first adatnbnlacral an<l second ainhulHcnd ruphlly increase in sixe and ftise 
to form the main part of a half jaw (Fig. />). The rnaxiller and 

arise as indei>ondenl ossifications that at lach 1 o the ora) en<l of the 
fust adainbulacruU. The second adamlnilucral.s also inerease rapidly 
)n sijcc and develop spines; they become the urioral AhieUls and their 
’opines alter into oral papillae. The first untbttlacrals lag in growth 
tttai I'cluin an olongutcsl shape, .\ecording to Ludwig, whose account is 
usually followed, they displace aborally and remain as the peristomial 
plates. Murakami slates tbul in the spe<’ies studio<l by him the first 
^tnhulacruU diminish ami disappear, but he fails to explain the origin 
the peristomial plates. Fell verifie.s Ludwig’s account but refrains 
ffom identifying the plates in <|ueslioii as ambulacrals. Fell further 
<|Uosiicms the homolog.v of the teeth with adarnlmlacral spines. 

In the meantime larval arms and .skeletal hhIk have continued to be 
shstjiLod or discarded, and the gradually increasing weight of the skeleton 
the larva to sink to (he bottom whore it takes up adult habits 

of life. 

Varying degrees of modification from the foregoing account are seen 
the development of species with yolky eggs. Grave (1899, 1916) 

^ ^soi jbcd (ho embryology* of Opkioderma hrcvispiua which has relatively 
yolky egg.s, although these are she<l into the sea. The main 
mature of its development is the lack of a typical pluteus. The lar\'a 
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Viu *' 03 — Embry o1o«v (fonlinu^). A, section (hrougU the mouth of OpftiocomxHO 
nigro. Iftte metamorpliosU {after <Msca. IWJ} to show co«lon»ic cavities around tUo csoph- 
Bffos. B. larva of Ophioderma bieriepimtt with rudiment of ophiuroid. C< same as l>> 
with wall removed to show internal strurtures- {B. C. after Grare, 1899.) 1. right 

tocoel: 2, left somatocoel: 3. stomach; 4 . peristomial ring coelom; 5. liyi>oneural ring sinu«. 
fi, hyponeura^ redial sinuses: 7 , water ring; 8. ner»-© ring; 9. buccal podia: JO. 
ll. ciliary ring: 12, terminal podium: 13, stone canal; H. rut edge of esophagus; lo. pt*^* 
trusions of left somatocoel to form the hyponeural ring sinu^. 
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becomes uniformly ciliated and b\vims at 36 hours of development but 
never grows out any pluteal arms. Instead the cilia become limited to 
four circles on the cy) in droid larva that thus resembles a doUolaria 
(Fig. 263B); rudiments of the pluteal spicules are, however, f(»nTj<Hl. and 
other developmental details are similar to th<»se d(*scribe<l above with the 
occurrence of typical cpineurnl folds (Fit*. A similar sort of 

larva without pluteal arms and with fcnir cilialcil rings was observed by 
Mortensen (1921, I938j in Ophioiun ia »<iuaniuhm and OphMpU cinria. 
Probably the rcseinblutice to a dolii>laria is ctHiicldental and Ihc larva 
ill these cases is simply an aborliKl pi ulcus. Mmh greater deviation of 


development wa.s nijule known by Fell for an unidentihed species called 
Kirk's ophiuroid that attaches its large, yolky eggs to stones (Fell, 1941 J 


uiid for the viviparous .Xmphiphoiis sipmiiHita iFelh 1946). In the 
farmer the eggs undergo total hut uneipial el<*n\nge into a hlastula witli a 
small blast ocoel. ( last rulat ion conihines cmlioly and ejiiboly, but the 
suvhcntcron is sm.all ami the blast < h'o< 4 filUil with <'ells. Soon the 
urrdienivron disappears and the solid embryo lakes on a pentagonal 
shape with a central blast <»pi»re which heeijtnes the site of an inwardly 
progrc.sMug cavity (Fig. 2til/fi- Near the periphery 10 e<|ually spaced 
roun<icd ectndernuil bulges represent the lirst pcnlia (Fig. 2(»4f’). These 
cUmgale, and .splii.s developing in their interior anci in the central mesen- 
chyme ))e<*ome the Inmina of the p^nliu and the water ring, resided ively. 
Vt this stage (20iluys of agei. the embryo hatehe.s from I Ik* egg membrane 
un<l begins moving about on its peg-like ptHlia but cannot fec^d us it lacks 
» tiigeslive tract. The cavity from the blastopore rontinues to progress 
I a ward and prc»lucc*s the digestive tract, with tlie t>la.sto))ore retained as 
mouth, The main ecMdom and subsidiary coelom ic spaces as the bypo- 
aoural ring and radial .sinuses arise by splits in the mesenchyme. 

.\ somewhat similar story obtnin.s for .\t»phipho\iii syaomafa which 
develops to a juvenile stage inside the bursal sae. Usually a single egg is 
^hed dire<fly from the ovary into the adjacent bursa; thift species is 
Imnnaphr^Mliiir, but it is not known whether self-fertilization obtains, 
f’lcavagc and gastrulation were not observed, but the gastrula is nearly 
filled with cells. In this mass of cells the stomach arises hy the formation 
a cavity arouial which the eell.s ontanize into an epithelium and a 
^toniodacal invagination grows inward to meet the .stomach, thus 
'•Stahl ishing the definitive digi'stivc Iraet. The hydroeoel, the right 
•melomic 8a<% and the left somato<Miel originate a-s cell halls that hollow 
'mi into vesicles {Fig. 204/^1. The hydrm'oel undergoes the usual 
development into the water- vascular system, hut the other two coelomic 
degenerate, and the definitive eoelom is formed by the union of 
splits in the mesenchyme. Meantime the embryo has IxK'ome attached 
the bursal wall hy a slalk-Iikc outgrowth from the latter. .\ rudi- 



FiO, 201. Bmbr>oloe> (<^nCmueili .1. iMcr nf Inrvft of O/M^iWrrmu l)rcn»i>('^o 

ia/ft-r Grarr. ISDDj, hhomius <>|>ihrural fiiM'. ft. Kusirula of Kjrk h ophiuroid. (*. 
stasp of B. from ventral iurfurr. showina l>e«inAMiK of definriive ophiuroid. (B. C, aftf' 
Fell. 1041.} D, embryo of Ampkiphoiit mvamaia. ahowinc priniordia forming from 
ines^nchyinc. E. bter »tae« vUh aftaebinoa; ^ralk and pliitoal skeleton. iD. S. 

affei’ P(U. 1921.) 1. eiliary bonds: 2. epi neural fold%: 3. tcrniinal podium: 4. buccal podia' 

5. blastopore; 6. printordia of podia: >. egg membrane; 8. hydro<*oel; 9. left rusmnloroch 
10. archentaron: 11. eaopbagus: 12. right eoetomic eae: 13. stomach: 14. attaekiueat stalk < 
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montary and transit or>' plnt<‘al skeleton is secreted in that part of the 
embryo near the attachment stalk (Fig- 2C4F). The hyponeural and 
epineural sinuses also form as splits above and )»elow the nerve ring and 
cords. The nerve ring is diderci ilia tea from deeper-lying ectodermal 
cells clasely associated with the stoincnlacHl invagination. About the 
time that the embryo takes on a peiii agonal >ha|H* iFig- 205.4) with the 
formation of ad<litioiml ptxlia. the oiubry<»iiie utlachincnt atroi>hieK and 



Kio. 2S6.-H:mhT>o»0«y {concIu^twD. A. Iftlcr ‘►f Ampf>i,AMU •rjunmata wUh 

onhiuroiil « n M i - 1 i.i I (o /tf r .1951). W. • »*or i wl el ul ou«« ot Oj>h tanol u eh rract it, rc iii 0 vcd 
from ovary {o/ler Mortrttttft. 1921). I. tcrmiiml lonla< l«: 2, twicpal podm: 3, hy<irf>porc; 
t* Hydroporu* pauaU &. wat«r rin«: li, bosinninK «»f jaw; 7. aH%vUment atalk: 8. oaophagus: 

Momaih; JO, inlotUric: M. hydro* nel; 12. loft M»malooo«h 13. right aomalwroel; 14. 
pluteal rudf^: IS. viUatMi band: 16. n«rvr ling. 

tbc embryo continues its development lying free in the bursal cavity. 
After attaining a considerable .size, the young ophiuroid works its way 
otil of the tnirsa through the bursa) slit. In the one escape observed by 
tbc young animal had ultaiiuHl 15 arm joints and required 3 houis 
to Work its way out of the slit. 

Iiicuinpioit. information on other species with viviparous development 
w given by Morlensen (1021). In the large yolky eggs (0.5 min. in 
diameter) of Amphiura viviparo. West Indies, only the nuclei divide and 
these accumulate at one area where ihe main structures differentiate 
wliile the large yolk ma.ss remains unaltered, serving os a food supply: 
there is here no trace of a pUiteu.s or pi u lea I skeleton. On the other hand. 
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the development of Opkionolus hcxaclis, which takes place inside the 
ovai'v, is surprisingly normal. A stage similar to a young plutcus with a 
eilialcHl baud and skeletal rods (Fig. 205/?) is pas.sed through, although 
I lie arms fail to grow out. and the general course of internal development 
appeals typical except that an anus is wanting. 

The foregoing deviations from typical echiiuxlerm development arc 
certainly very striking, but the author is al a loss to understand why 
Fell (lOloi should base phylogenetic atgnments on such mmlilied ontog- 
enies. The mere fact that as many or more casc.s are known of direct a.s 


indirect development in echinoderm.s ia inconso<piential and rc.su I t.s from 
the circumstance that it is easier to obtain material of directly developing 
forms, It m*ms unmvessary to belalmr the point, ns Fell has done, that 
I n< reusing amounts of yolk and incrca.ving degrees of protection of the 
embryo re.sitll increasingly in sbortene<l and allore<l develoinnenl with 
elimination of free larvae, for stieh correlation is well established In 
embryology. The occurrence c»f aborlwl pin teal skeletons in most of 
these cas<‘s of altered (n>hluroi(l development suflieiontly proves that the 
imllreet mode of development with a plutcu.s larva is the more primitive, 
an<l this, iiuleed, is tacitly admittc^l by Fell. It is clear that argument « 
about pbylogeny mu.<l lx* based on the indirwt type of development. 

'I'he develojunent of c^phinroid.s seems to take place without the 
formation of a vestibule. However, the accounts of Mucibldc and 
Navasimbamurti ind irate that the sonmllcd slomodaenm must really he 
a vestibule since they stale that the primary podia project into it. 
riiis i.s a further indication of a greater similarity to etdiinolds tlian 1 <> 
asteroids in the embryology of ophiuroids. Hut whereas in (‘chitioids 
the larval rudiment develops on the leftside, which then become the oral 
side of the adult, in ophiuroids the larval rudiment Is located on the 
ventral surface of the larva, that Is, the surface bearing the mouth and 
blastopore. Tbu.s the definitive oral suiface corresponds to the ventral 
.surface of the larva and the definitive almral surface to its dorsal surface. 
The anterior part of the ophioplntens corresponds to the prcoral lobe 
of other ec hill ode rm larvae and, as in these, degenerates, while only the 
posterior part of the larva is continuous with the definitive animal. 

16. Asexual Reproduction. The o<'currenco of fission in ophiuroids 
was well known to older workers, e.g. i.utkin (187*2) and Sim rot h (I877i. 
FUxion appears limitisl to very .'^rnall. six-arm oil species with a disk 
diameter of not more tlian 3 mm. and may be vestrietixl to young animals 
or may continue throughout life. There is no preformed fission plane 
and the disk may divide in any direction, but division almost in variably 
takes place in such a way that each product is left with throe arms and 
half the disk, Coiisecjuently, fissl parous s|MH'ies are commonly found 
with three longer and three shorter arms, and in fact fissiparity is often 
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ascribed to species on the mere Rnding of a few specimens of this sort. 
Division into products vriih four and two arms, respectively, rarely 
occurs. Skeletal and inlcrnal structures may be torn in any possible 
way. p'ission is especially common in the genus Ophiaclis and \vas 
exhaustively studied in 0. in the McMliterranoan by Sim rot h (1877), 

who states that of over 1">0 .Hperimens rollccted. all hut one showed 
evidence of fission by the eonditi<m of the arms. Some of the peculi- 
arities of 0. virene (page 61 3 k e^l^cc-iully the multiplication of madre- 
porites, stone canals, and poliaii r<'sult from repeated fis.sions. 

Other species of Ophiavtix. «*:iul by l.utken In be fissiparous, include 
(-,wrodm. inhyti. rtnscMixi and fuiUhri: to these may bo 
added 0. arenosa. Califonna Ohe Miu't 5 initios, UM6f and 0. inoiUMa, 
Japan (Yamazi. VM)>. In the tiphinihrichidae, Op/notheh damu 
(- uidkola). Japan, is r<'|H»rt<Hl as Hs^paroii.s (Kaniazi, lOoO), and in 
the Ophiocomidao. Opl.ioromo pumdo and niltnciar rcpr<Kluce asexti^y. 
Mortensen (H)33aj romarkisl that lis-iparlty obtains in three mem) )ei<r of 
the Ampbiurldno: Amphioilia diridno. Mauritius. Awphipholh iorelh. 
arctic, and Ainphium xt xrodioto. (bilf of Siam. i> pin ok/ it hi hu/vkii is 
a (iHsiparotis ojihlomyxnl r Mal-iimolo. llM7i. .\ few l.uryalac arc also 
lissiparotjs: AKtro/jiimnoltx ra/aKticUi (II. I. (lark, UMt), Adro/konK 
inWn'ancl ,iryo iMatMinnUo. HUTk and AKtroerran <nnndol>nii (Yamazi. 
bInO). 

The process of regoncralirm in the tl>sion pHslucts was reported by 
^imroth ( 1877 ) in minute <lciail r«»r O/dnorttK vinnK. but tins lengtliy 
article is fur from clear an<l alUmance must bo made for iho state of 
hiKlrilngi<a) knowlodgo at the time of writing. In gcnoral the torn edges 
af the stomach adhore to tlnH4* of the adjacent di.^k wall, and to the 


inner side of this adhesion the torn edges of the eoelomic lining also cUmm* 
together, ('on traction aided by tissin* growth c!<w<*s the wound, which is 
also lessened by adjtistmoiil c»f I lie thr«‘ arms to fill the gap. A streak 
nf c<H*lomocyles (mcschchyme cells? > fnim the broken ends of tliC water 
dug lilts in the gup hcoK and a channel forming thr<nigli this material 
•nmpleles the water ring. The mnlti|)lication of roolomocytes (pro- 
^‘nmal.ly abn mesenchvine cells from the dermis i furnishes material for 
feRcncration. Tlic nerve ring is said to In* completed by coelomocyto. 
i'hc outgrowth of the new arms is initiaUsl by bulges of the water ring 
accompanied by eoelomic bulges. 

17. Regeneration. H is well known that serpent stars when disturbed 
Of liaixdled often cast off one or more arms at varying levels (whence the 
common name of brittle stars) an<l that these are readily regenerated. 
Specimens are generally found in nature- in process of regenerating one 

mon- arms. Little inlormation is available about the regenerative 
capacity of ports of the disk, exc-ept in lissi parous species. A disk 
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deprived of all arms at the base loses xdtality and soon dies, but 8ur\dves 
and regenerates if one arm is left attached (Dawydoff, 1901 ; Zeleny, 
1003, 1005). Dawydoff further reported that bisected animals did not 
rogoiiorate. However, better rev upera five capacities of the disk may 
obtain in other species. It is known for several species, mostly amphi- 
uiids, that lliey may cast olT the aboral part of the disk, including the 
stomach and gonads, and regenerate them: .4mp/it»rQ obdiia (Verrill, 
1882). Ophiopeila aranfa (Semon. 1889), Amphiura rosea (Farquhar, 
1894). Aiuphiura jUiformis ami Amphiphotis sqitamata (Movtensen, 1927), 
Amphipholis plulydi^ca iH. L. Clark. 1940). and OphiocanUia eurythra 
tMacClinities, 1949). 


Tfie hl»l<ilogy i)f arm r<*Kcneration has Irk'h tl(*sc jibed by l9awydolT 
(H)0l). The wound becomes covei’cnl with degeneiating particles of 
tissue soon overlain by a thick h(»m<^eneoua membiane, pcwsibly formed 
of coagulated cmdomic fUihl. Coder this membrane con nee live-tissue 
cells and coelomocytes aggregate in great numl>er« and phagocytizc 
tUsiie fmgment.s niul degeneraiing structures proximal to the wound. 
Tills pluigcicyiosis is still In progH'ss when constructive processes begin, 
by the growth of the bixly wall over the cut surface replacing I ho 
homogeneous membrane, seeoml by the outgrowth of the radial nerve 
from the nerve stump, and thin I by the outgrowth of the radial water 
canal. The last causes a projection which is the primordinm of the 
new aim, ns )i conical bud of epidermis an<l mesencliyme. The arm 
coelom extends into the bud by proliferation of its lining epithelium. 
The new coelom thus formetl seiuls a pair of extetislons orally that come 
in contact h<*tween the ru<lial nerve and the radial water canal and so 
pituluce the hyponeural ladiul sinus biswted by a vertical septum. The 
cpI neural sinus arises as a split in (he tissues. The intervertebral 
muscles originate as coo lorn ic sacs that become filled with cells of coelom I c 
nature: these ilitTereutialc into museic fibers, The source of the skeleton 
is not discussed in DawydofT’s article. 

Zeleny (1903, 1905) studied the rate of regeneration of Ophiura 
lexlurala with reference to size of disk and number of arm.s lemoved. 
Individuals of mwlium size were found to regenerate arms more rapidly 
than smaller or larger specimens. Hate of regeneration of one to four 
arms cut off at the disk was said to \>c faster (he greater the number of 
arms removed. Average figure.s (omitting poorly regen eia ting indi- 
viduals) of the amount regenerated in 33 days were 2.3 mm. with one or 
two arms removed. 2.4 mm. with throe arms removed, and 3.3 mm. with 
four arms lemoved; for a period of 40 days the tignix*s were 3.0, 3.2, 3.5, 
and 4.8 mm. with one, two, thret*. and four arms removed, respectively. 
MorgulU (1909), using Ophioioma puniila at Uermuda, found no depend- 
ency of regeneration lale on niimher of arms removed but reported ,a 
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higher rate the longer the piece of arm cut off. According to this author 
regeneration is inhibited distal to a region of destroyed radial nerve. 
Milligan (1915) measured the rate of regeneration of the arms of Ophio- 
Ikrix fragilu and obtained a figim* 17 mm. per year. 

18. CUssiffcation of the Ophiuroidea. This la in the usual un.satis- 
factor}' and unsettled .state that -seems to characterize the classification 
of most invertebrate group.s. The rln.sMfication was revise<l by Mat- 
sumoto, in 11)17. who createcl four onlers fr»r tlic existing meml)ers. 
Alllnmgh Matsumoto’s arningemoiit was nceeplod by -some ec I li noderm 
specialists, it is not favi^riHl by other.*;. There seems to be little morpho- 
logical dilTevence between .'ome of liis orders, and his inelusion of the 
Ophiomyxidao with the basket stars upjH'urs ujHlesiruf)le, \s there 
have been no further at tempt -s at revi**ing the rhi.^dlieation since Mat- 
sumoto's work, it seem.s prcferabU* t<» adhc^rc* tr» the old <b vision of the 
Ophiuroidea Into the order ttpliinrae. etnl»rncing the typical serpent 
Slat'S, ami the order ICnvyulae, iiic*lu<litig the basket .slurs atid their 
relatives. These were cnlUsl the familii's Oidiiuriilat' and .\slropliytidae 
by Lyman (1882) at tlu* time of the rhoihufffr report: in this report he 
listed all the kiwmn si)ecies. amounting to uIkhiI 5(M), In 1915, II. I. 
dark published an important wt^rk on ophiiirolds, vhich uIscj incKided a 
lahulatiou of all ilescribed s|M*eii*>. amtainliiig t(» 1112 at that date; 
uml in MHh this author esllmatitl tfic number ol de.s<Tibe<l <iphiuroicls at 
shout 1700. Thi.s figure may lie sup|u»Msl to have risen to at least 1800 
the time of present NMitirig t Itloll. 

The Ophiuroidea liave never luvii momigraidic^cl and henee the 
^^rrutigemetil into families must lie cibtained from Ifie larger taxonomic 
'^orks, reports <in collec'ting expc<lltions, unci the like. 

19. Order Ophiurae. This order eompri.-u'.s ilu* typieul serpent .stars, 
rvlallvely small forms with simple arms, mostly five in number but 
s'>mc times sh or more, movable chieMy in the transverse plane bec ause 
the zygospondylous type of arttc*ulatioii of the vertebral ossicles. 
l‘be cli.sk and arms are u.sually covercMl with distinct shields or scales^ 
although these may be cMinc'ealetl by graiuile-s, small spines, or skin; 
'•’specially the lateral arm shields are well developed, often extending to 
*be oral and alioral surfaec*s of the arms. The arm spines are borne 
laterally nui{ are directed outwanl or tc;wur<l the arm tips, not downward. 
I here is but one madreporitc. c*xc*ept when multiplied by fissiparou.s 
Pi‘oc*e>.vos. This order includes the groat majority of the serpent Mans 
^'“d is divided into about a dozen families, mcxstly on the basis of details 
die mouth armature and the arm spi nation. 

T hc' O pli i 0 m y \ i<l ae , gei le ral ly eon si de rod t ho most p ri mit i ve ophi u rous 
family, (litfors from tho other families of thi.'* order and resembles the 
^■''•ry«lac' in that disk .and arms nre <*ovorod in life wilh a thick naked 
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Ktv. 20C. — TavMtoMiic charftctcf.* i»f opIiiun'iiK .i. law of Oithir>mtfxa. B. juw oi 
OphioaceUx. C. jaw of OpkiAfomthn, O. jaw of ylmpArwra, soon from onU side. A', 
ol ArHphipkolit squamala. oral viow. F. jav of Amp^i«riia. from oral .^ide. 6\ Jaw of 
Ophxactis. frotit oral side. H, jaw of Op/ri^photta acvUa/9. from oral »idc. J, Jaw of 
Ophiclkrix /rao*f*». oral view. AT. jaw edse of Opht^hrtr fre^i/ia. aboral syrIncT ol 
arm ol Ophienertt'a. M. jaw of Ophwntrtia. oral view. X. Jaw of Opftiopholia tuuhala- 

O. edge of aboral surface ol disk with arm base to show arm comb, Opktoct<n. P. edge of 
nborni surface of disk and arm base lo show* arm eoinb, Ophiur^. Q. aboral surface ol d)sk 
of Ophiophoiia aculeala; large shields are often covered. R. Aalroporpa w’ith disk anr>ulo' 
lions. Barbados. 1. oral papillae: 2. teeth; 3. adoral shields: 4. exposed part of half jew; 
.*>, t«»oih papillae: 6. buccal shield: 7. podial pore: 8. aboral arm shield: 9. accessory aboral 
uriM shields: 10. arm comb: 11. radial shield: 12. disk annuJatioo. 
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skin that conceals the shields and scales; but these are poorly developed 
on the disk, anyway, the radial shields arc narrow and rod-like or wanting, 
and the aboral arm shields are greatly reduced or lacking. The arm 
spines are fairly' developed and stand out from the arms. The main genus 
Ophiomyxa lacks tooth papillae and has broad teeth and broad oral 
papillae with serrate edges (Fig. 2iyC>A I. This genus contains two 
subantarctic viviparous species, both dioecious, 0. vivipara and 0- 
brevirima. In Ophioscolex tFig. '><>05), also with<»ul tooth papillae, the 
oral papillae are slender and .spine-like as an* also the arranged in a 

single row. Ophio^olcx giadalis is widely spread in arctic and boreal 
waters of Europe and North .\inenca. and two antarctic species are 
viviparous, 0. nuirix, sometimes hermaphroditic and sometime dioecious, 
and 0. marionit, hermaphroditic. 

The charaelers of the family llcmienryulidae are heavy plating of tiie 
disk, strongly developed radial shields, slu^rt genital slits, stout arms 
capable of vertical coiling, lhn*e or four Mat oral papillae on ea('h jaw 
edge, and triangular teeth in u single row without tesuh papillae. Main 
genera are Ophiorhotu/rus, witluait 4ceess<»ry aboral arm shields, and 
Opkiopluif, aiul mirurffott with arce.<M»ry nbc^ral arm .shields 
nr the main shield repla<*e<l by n nuKyiie, 

The Ophiacanthiilae. one of the largest <»|>liiurotis fainilie.s, have a 
disk formed of small scales more or les.^ eonceal(*<l by granules, tubercles, 
or minute spines, or in two genera {Ophioiffn-^, Ophiolonia) by a thick 
«kiti; tooth papillae are wanting, the oral papillae are pointed, and the 
l< 20 th. in one row, pointed or roundi*<l iFig. The arms are pro- 

vidt‘d with slender spines, hmgest uborully and deen'asiiig in length 
orally. The lateral arm -shields tend to me<‘t in tlm arm mid-lines, 
displacing the small alxiral and oral shields. C)ver 300 genera are 
^'Cognized in this family, but most are andiibenthal or abyssal forms 
brought up by drislging expeditions. The mewl common littoral genera 
‘ire Ophiomitnlh. with large, naked radial shields, and Opkiacantha 
^Fig. 207), with small or mostly concealed ones. MorteJisen (1030) lists 
live species of each of these genera as viviparous and mostly hermaph- 
r<Hiitic. Many ophiacanths live clinging to sponges and to gorgonians 
®'>d other coelenterates. 

The Amphiuridae are characterimi by the long, slender, flexible arms 
'^'illi short inconspicuous but erect spines. The disk is generally deli- 
“hcly scaled with evhlent radial shields that at their outer ends are 
iirliculated by a wicket to a ball-shapc*d projection of the outer ends of 
^bo genital plates. Oral papillae are prt»»ent, and two occur at the jaw- 
bp followed along the jaw edge by a single row of sc pi are teeth as tooth 
Papillae are wanting. The amphiurids generally live buried in sand 
^r mild with the arm lips protruding. The genus Amphiura with over 
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100 species is known by the single oral papilla (Fig- 206 D) on each side 
widely separated from the two papillae at the jaw tip; hence the oral 
angles are wide and gaping. Morten sen lij^ts^ 1> members of this 

genus as viviparous. Amphturn ('hiojfi and jUifortviti are common on 
European coasts, Ophioftnlrus (= Acrocnitlat dilTers from Amphiura 
in the spiny disk. In Atnphipholis ihere are thn'o oral papillae on eanli 
side of each jaw, and the oiilermo<t one is broad and seale-like (I*ig. 
26C£^), covering the oral angles. AmphiphotiK s<fiion\nta ikigs. 267, 268), 
with cosmopolitan <lUtnbulion, is abc» noted an the 6r^l kmnvn viviparous 
and hermaph rtid i 1 i<' i>p) u vi r< i i 1 1 . . 1 w ni i Fi g . 2t it i/*’ i u n d . I lu ph i or n i <ta 

also have three oral papillae on vavU side, but the outermost one is not 
conspicuously elongated. Finally, lliere is a group of nmpliinvids, 
including Avipkinvaiifha and Ampfiiof>tu.i. with four or more oral papillae 
along each jaw edge. 

The small family Opliiactidue is umler the .Xinpliinridae, 

from whu'h in fad it differs ehielly in fiu\i!»g but one papilla at tlie jaw 
apex (Fig. 26tif»n The prineipal genera an* (fphwpnfi without bur.sae, 
OpkiophoUa with aboral arm shields etteireli'd tiy small xu])pleinentary 
shields, and Ophiaciix witlnmt sueli supideiiientary arm shields. 'I'he 
genus Ophioctii* is noted for its lisdpanty, tiest known in tin* etnnmon 
Mediterranean si>eeies (). rinng. Phe <laisy >er[«‘iil Ophiop^^olis 
nculcaOt (Figs. 26ti/f. 27tb is n relatively large and liatnUome Kperies 
widely dislvibuted in nreiie an<l boreal waters. 

The Amphilepidhiue resemble in general npjwnranee the two pre- 
ceding families, having long slender arnts with short spines. Dental 
papillae arc alst> la<*king; there is a single ])apilla at the jaw ajtex Init the 
teeth are triangtilar ami rather weak. In AmphiUpifi bursae ami Imrsal 
eliU are wantitig and the seeoinl j)air of hueeal pmliu ojK'n onto the oral 
surface. 

In the Ophiothriehidae the disk sealation is more or less concealed 
hy little spines or tuberc*lc‘s. There are large radial shields and well- 
dcvelopcd aboral and oral arm shields. Oral papillae are wanting, 
a cluster of tooth papillae «K*c*urs cm the jaw ajM^x (Fig. 266./. A'). 
The arms are spiny with mostly long thorny spines of a glassy apttearatiee, 
''«P<‘cially in Op/nofhrix. This is a large family of mostly lr<.pi<'aj 
^'phiuioids that often live attaelM*<l to spongc*s, gorg<miaiis. comat ulids, 
^“•d the like*, Malsumoto (1917) li-stisl b'i genera, hut ollier.s Inive beam 
^<ldwi sinc e liy breaking up the large* genus (Ppfiioihrix. to which, aeeord- 
"'K lo H, 1.. (’lark ( 16 16 m. over 12.) sp<'ei<*s had bec'ii assigned- OphiO' 
with spiny disk, large radial shields, and bristly arms with long 
thorny spines is exompIilic*d by O. fragitis (Fig- 270). e*ommou along the 
'■oasts of wesiorn Kurop<*, The members of the ge»nus OpftiQthcla with 
'tnitnilav o*- tnhc'reulate* disk and -short e»r arm spine»s are generally six- 
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rayed and fissiparous; they commonly live attached to gorgonians. In 
Ophiomaza the disk is smooth, and Ophiopleron was noted above for 
its arm fans (Fig. 245C). 

Characters of the small family Ophiochitonidae are the small imbri- 
cating scales of the disk, five or six oral papillae on each side of the jaw, 
want of tooth papillae, single row of triangular or quadrangular teeth, 
moderately long erect arm spines, and large lea Mike tentacle scales. 
The main genera are Ophiorhiton with arms keeled above and below, 
Opkioplax with disk <*<)vcrod with fine granules, and Ophioncreis witJi 
two large accessory arm plates to each a bora I arm shield (Figs. 266.1/, 
271, 272). 

The family ( )phi<K*omi<lao comprises relatively large and conspicuously 
colored ophiuroids with spiny arms provided with strong, generally solid 
spines. The disk scalation is completely concealed by granules lu 
typical genera. Oral papillae are pre.sent and merge into a large cluster 
of tooth papillae that arc followwl ahornlly by a few large teeth (Fig 
210A', L). The main genus Opfiioroma (Fig. 211.1) with the characters 
of the family has a large number of species in shallow tropical waters, 
Ophiomastix with spiny disk and OpA forMram with disk coveix'd with 
naked skin are also liulo-Fncific genera. Ophioromina with fragile 
holUnv arm spines is represen te<l mainly by O. nigra, a common species 
in the North Atlantic from Nonvay to the .\zores (Fig. 271). Ophiops- 
ila is distingtiislied by its special, club-shaped, fiagelloted tentacle 
scales (page 505: Fig. 240.1, fi). 

In the OphiiMlermatidae also the disk scalation is concealed on both 
sides by closely set granules (Fig. 24 (>/>), There are numerous oral 
papillae In a continuous series; tooth iwpillac are wanting and the teeth 
occur in a single row. The arms appear -sm<M)lh. as the arm spines arc 
small and typically closely appressed to the sides of the arms. Ophio- 
derma (Fig, 2[iyl>) is known from all other ophiuroids by having two slit* 
to ea<'K bursa, one orally locote<l, the other peripheral. Opfiiot/ermn 
hrcHspinti (Fig. 273) is a well-known s|>ccH‘s distributed on western 
Atlantic shores from Massachusolts to lirazll. There are two tentacle 
scales to each pod in I pore in Ophiarachnclh with naked buccal .«5 hi elds 
and Pcctifiura with buccal .shields covered with grannies; and one tentacle 
scale to each pmlial pore in Ophioconis. Ophiarachna, also with naked 
buccal shlold.s, differs from the norm of the family in having longer, 
oi'ccl spines- 

The Ophiolepididao are a large family of generally smooth appearance 
with arms of short to moderate length bearing short spines closely 
appressed to the arm sides (P'ig- 242.1. Ci. The disk is covore<i with 
naked scales that often give indications of the primitive arrangement 
(Fig. 244B-£)). The jaws are edged with a continuous row of ora) 
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Tus. 2ii%,- I)ciuilp‘i Am/JiisA^U ••/namata. A. oral ti. 

►’UrUio. {Htuh a/ur Elu. IU42.J 1. o«al »rm aiiiold; 2. luiUadr M-nlcM a, bui*ai sUt: 4, 
*^<cr! 5, uilorul shield: 6. aful pa(*illaei 7. radial R, al>ornI arm Rliiclds. 

papillat- Umj', '2\7]{). continuous uilh (he single row of loclh wilhnut the 
inicrvcmion of tooth pupillae. There is a variable number of leaf -like 
tentacle scales. This family ineliidos nearly oO genera and around 300 
species. In Ophiura (includes Ophtoytyphut and a lai^e number of 
related genera, the second pair of buccal podia open onto the oral surface 
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niid Dot into the moulli angles (Fig. 2475). In Ophiura with many 
spocioj*. tho arm l)ases project into the aboral surface of the disk and are 
there l>or(Jeve(i on each side by an arch of papillae, known as the arm 
romlis. that continue around to the oral side where they merge into the 
genital papillae (P'ig. The exposed pores of the second buccal 

poll i a are onelnlecl with a row of tentacle scales (Fig. 2475) resembling 
tlie oral jmpillno, ami similar hoixlers of tentacle scales continue around 
the regular p<Klial pores of the pr<iximal arm joints hut gradually diminish 
to one or twf» scale.s. The disk of Ophiura is flat with many small scales 
uiid eviilein radial .shields iFig. 244/>). Matsumoto in 1015 separotod 
eil) several gernaa, all with arm combs, from Ophiura as /iomahp/nura, 
also with a flat disk hut with lai^cr disk scales, and Aspuhphiura. 
Stfijophiura, and Amphiophiura with a high disk and larger scales. 
Ophiodtn lacks the aboral projintion of the arm base into the disk and 
hence the arm comb is continuous along the disk edge at the arm base 
(Fig. 2dbO). To the group of ophiolepidids with exposed second podial 
pores ijclnngs also the curious genu.s A$trophiura, regarded by S laden 
(IRT^l). at its lirst finding off .Madagascar, as intermediate between 
asleroUls uiul ophiuroids, Other species have since been found, and 
Aalrophitira w now cimsidcred an ulH^rrant relative of Ophiura. The 
pentagonal disk without bursae cucIom's a considerable length of arm base 
on both sides (Fig, 274) and is 1 ringed with papillae. The iihortcd free 
parts of the arms project from the disk angles and ore very short ond 
.slender, )a<*king oral and aboral arm shields and piMlinl pores; large 
{jodial pores are present on the arm bases included within the disk. 

In another group of ophiolepidid genera exemplified by Ophiomusium 
and Ophiolrpiis. the pores for (he second pair of buccal podia do not show 
on the oral surface but are concealed in the mouth angles. In Ophio’ 
musium with many species the aboral surface of the disk is covered with 
plates of small to moderate sixe and large radial shields (Fig. 244('). 
Arm combs are wanting. The oral papillae are .somewhat fused together 
forming an edge to the jaws. Podial pores are pn‘sen( only on the arm 
ba.ses included within the disk (Fig. 247/1). The arms are stiff with 
or without small almral and oral shields. In Ophioirpis (Fig. 242/1) the 
disk is provided with lajge plates surrounded by little plates (Fig. 2445), 
and there are supplementary aboral arm shield-s (Fig. 2425). t?uch 
supplementary plates are wanting in Ophiozonclla. 

\‘iviparity is commoji among the ophlolepidids. Mortensen (1930) 
ascribed this habit to 14 members of the family, including Ophionotu$ 
hejacHs and two other species that brood (heir young in the ovary. The 
family ftirther includes Ophiophi/cis grarilis. St. Helena, that broods its 
young beneath the disk (Mortensen. Ifi^b) and appears somewhat 
related to Aatrophiura. 
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Mention may be made of the small family Ophlohelidac with genera 
O'phiohclus and Opbiotholia provided with parasol spines (Fig. 245Z)); 
these apparently have not been taken again since the Challenger report. 

20- Order EuryaUe. -The members of this group are clothed with 
naked or granulated skin and mostly lack definite scales or shields 
except for the radial shields that are long and spoke-like, radiating from 
the central part of the disk to its periphery (Fig. 244.4, E)^ and may be 
smooth or spiny. The disk is often comparable in size to that of the 
Ophiurae but is large in the (jorgonocephalidae, ranging up to 10 cm. 
in diameter- The arms may be simple or slightly or greatly branched and 
are long and flexible, capable of coiling around objects (Fig. 244.4) and of 
rolling up in the vertical plane, l)ecausc of the streptospondylous type of 
articulation of the ends of the vertebral ossicles (Fig. 240 F, F). The 
short arm spines, displaced toward the ventral surface of the arms and 
directed downwanl, are often transformed into hooks or spiny clubs- 
Thc Inirsal .‘^lits are generally short and the bursae tend to fuse Internally 
to form large spaces, with the j'esiiH that the true coelom is greatly 
reduced. A madreporile may be present in each interradius with a 
corresponding multiplication of stone canals and related structures. 
The Fuvyalao dwell mostly in deeper waters and hence are known chiefly 
from dredged mu ter lab Four families may be recognized (Mortensen, 
10331)). although Matsu mot o (1017) and those who folloss* his classi- 
fication unite the linst three under the name Trichasteridae. 

The .Vstcronychidae have five long and slender unbrunched arms and 
only one nuulreporitc. The oral arm shields are well developed and hear 
on cuch side a group of three or more spines. The genital bursae arc fused 
ill pairs. The main genus .isferonyx (Fig. 244.1) is usually found 
entwined about some kind of colonial coelenteratc- The common species 
hveni, with eight to nine arm spines in each group and arras of 
uneiiual length, is almost cosmopolitan, being found widely distributed 
At depths of 100 to ]8(X) m. It commonly clings to pennatulids and is 
said to feed upon their polyps os well as upon pelagic organisms. 

In the family Astcroschematidae the very small disk bears flve stout 
unbranched arms of which the oral shields arc reduced to a granule so that 
the lateral shields meet mid- vent rally, bearing on each side two spines of 
unc(|ual length. There is hut one madreporite, and polian vesicles arc 
lucking. The bursae remain separate, and the five pairs of gonads extend 
into the arms for varying distances- On account of the small space left 
oil the disk between the stout arm bases, the bursa! slits are more or less 
vertically oriented on the disk edge. In Aiicraschema with arm spines of 
fair size, the radial shields are concealed by skin. O'phiocreae seems to 
dilTer only in the visibility of the radial shields and is included in .4s^er- 
Qschema by Matsu moto. AsirocAons is characterized by the small 
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exposed radial shields, stout arm bases, and very small arm spines. The 
Japanese species Astrocharis ijimai and tdrgo appear to be fissiparous, as 
is also Astrogymnoles cclasticta, differing from other Asteroschematidae 
mainly in having six 

In the Triehastendac the disk is moderately large and the arms, simple 
or branched. mcHleratcly ^toiit. Oral arm shields are present with two 
spines on each side. Imt the ahoral arm .shiehls are repre.sented by two or 
more small plates or are prai'tically wanting. There are five madre- 
porites. In .{Mfoctrns the arms are simple, and two pairs of ribbon -like 
gonads extend into each arm The arms are divided near the lips 

in TrichasUr in which four pairs of ehmgabsl gonads extend into the arm 
bases. The arms branch at tlieir iws<*s in Kuryale and the gonads are 
confined to tin* di.sk. I'Usiparily obtains in sp<Tics of .ts/roccras. 

The (lorgotKKephalidae re|»n‘s<*nt the culmination of the euryalous 
type of structure. The disk is large aiul covcnsl with a naked or granu- 
lalod or tuborculate skin that does not. however, conceal I lie long, bar- 
like radial shields, often ornament isi with >pines or tubercles. Oral 
papillae, tooth papillae, and U^‘\U form a continuous w*rie.s of small spine- 
like projections. The arm.s arc very long, simple, or .sjmrsely or greatly 
branched and much coiled vertically. There are no true al>oral arm 
Khiclds, but these are often represented either along th<' whole arms or on 
tlioir distal parts by transverse l)ands of h<i<ik-l»earing granules (Fig. 
'J-Kk’), an<l bonce tlie arms have an anniilated appearance when viewed 
from the aboral side, Lateral ami oral arm shields are present. The pair 
of spine groups on tlie oral hurfaee of the arms is dirwtCKl downward and 
is in line with the transverse* ahoral bands of hookwl granules, The 
gonad.s arc confined to the interior c»f (he disk. The fusions of the bursae 
to pr<Hhu*c* large internal cavities that suppress the true cwlom were 
describcnl above (page 617). There may l>e a single madreporite or one 
in each interradius. Mortensen (Utm) listed 32 genera in this family, 
but man^' have been seldom seen. Among the genera with simple arms 
ntay be mentioned A^stroporpa in which the arm annulations extend onto 
the aboral side of the disk (Fig. 2G0/?J and .4«iret/romnu« without annu- 
latcd disk. The arms are branched a few limes in Conocladus and 
• 1 roai ida . The I y pi cal 1 lask et at a r.s i n w h ieh ( he arms bran c h rc pea tedly 
to procluco an inextricable tangle of small twigs (Fig. 243) belong to a 
number of genera, hut the best known are (Jorgonoccphalus and Astro- 
ph'jton, l)oth with one madreporite. In (Joryonocrphalus the oral surface 
of the arms is spiny almost up to the mouth angles, and the disk margin 
botween tlie radial shields is edged with a series of plates. This edge is 
'vauting in Aslrophyton in which also the oral surface of the disk and 
proximal parts of the arms arc very smooth, without spine groups. In 
both genera the annulatod appearance of the aboral surface of the arms is 
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best developed diatally. It b kuoi\n for these multibrachiate gorgouo- 
cephalids that they start life with five arms that subsequently fork 
repeatedly. 

21. Ecology: Habits and Behavior. -The ophiuroids, like other 
eleutherozoan cehinoilerms, are among the most common animals of the 
littoral zone of the sea but attract le>s attention because of their small 
size and retiring habit.s. A negative respon.se to light combined with a 
high degree of positive stcreotropism results in their concealing them- 
selves by day tinder stones, shells, ami the like, or among seaweeds. 
When exposed by turning over a rock nr coral .slab they promptly scurry 
to the new undersurface or to some adja<Tnl shelter. They inhabit all 
types of bottom, and some, especially members of the family .\mphluridae, 
live buried in aaml. Hy virtue of their long fiexihle arms the ophiuroUls 
are well adapted for attai hing thems<»lves to other animals, and especially 
the euryalous types with unbrai»che<l arm.s are habitually found tuined 
about colonial coelenteratcs {m^ later). 

The ophiuroids are the mo?sl lively and aetlve of all echinoderms and, 
unlike other eleulherozoans. move without or with minor assistance from 
the ambulacral system. The usual metlnMls <»f locomotion have been 
described by Romanes un<l Kwarl (1881), tiruve (IHOtbi von Uexkhll 
n»0.>), and (llaser tllK)7i. No arm preferciK'e is shmvn. The animal 
may move with one arm held straight forward as a sort of guide or feeler, 
and the adjaeent pair of arms acec»mplishe.s forward progression in a 
series of jerks or bounds by synchronous rowing movements against the 
substrate, while the two rear arms <lo not participate. The animal may 
equally well advance with an arm pair forward, and this pair and to a 
less extent the following pair engage in rowing movements while the 
fifth arm drags behind. During Iwomotion the disk is held above the 
suhstvate. Other arm positions and attitudes may be employed, but 
less rre<iuetitly. The forward arm may aid by stroking alternately to 
each side, and positions with three arms on one side and two on the other 
occur. Cilaser remarked that the animal moves in all ways possible to its 
structure, Some species progress l)y grasping objects with one or two 
arms and pulling themselves forward while the other arms push from 
behind. I'p to 2 inches ma^' be coverotl hy each forward jerk in ordinary 
locomotiun, and a spee<l of 180 cm. per minute was reported by Romanes 
ami Kwart- Spocinnnis with ojte arm may progress witli this arm forward 
hy stroking alternately to each side, and those with two adjacent arms 
tttay move with these forward, stroking simultaneously. It is usually 
^aid that ophiuroids cannot swim, but the Mactliiiities (1019) ascribe 
^'wimming powers to two spindes, Ophiaranihn curylhra, by trailing one 
arm behind and stroking with the other four, and Amphiodia psara, 
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when young, by holding one arm fonvard and sttx>king with the next two— 
in short by the same two types of movement as in regular locomotion. 

As the podia lack ampullae and suckers it is clear that they cannot 
accomplish locomotion unaided, but several observers indicate that they 
play a role in progression in at least some species. Grave (1899) noted 
that the podia aid Ophioderma hrevispina In locomotion and climbing by 
fixing themselves into small inequalities of the substrate. Ostergren 
(1901) observe<l the action of the podia as holdfasts in several species, 
notably Ophiocomina nigra, which has very papillate podia (Fig, 2A%E), 
producing an adhesive secretion, and is able thereby to ascend glass 
walls readily. Similarly Cowles (I910j found that Ophiocoma riuei 
employs its podia in climbing by fitting them into small irregularities, 
but he was unable to detect the production of adhesive secretion. Ophi' 
oncrei$ reticulata, Bermuda, makes important use of its podia in ordinary 
locomotion (May, 1923), resting upon them and not touching the ground 
otherwiw, and progressing by extending them, bending them near the 
tips, then straightening them, thus pushing the animal forwaid at a 
speed of about 30 cm. per minute. 

The habits of a sand* burrowing amphiurid. Amphiura chiajei, have 
lieen described by Des Artes (1910), If placed upon the sand, this 
animal burrows directly downward by means of its podia and covers itself 
with sand except for the arm tips. Both disk and arms lie in cavities in 
the sand maintained by mucus. Arm undulations and probably also 
disk pumping for this spoeies has a muscle layer in the disk wall- 
0 reate water cireulation through the burrow. The exposed arm tips may 
be held vertically or may rest upon the sand; if touched they swing about 
in a lively fashion. By sweeping over the sand they collect small 
nutritive particles that are then passed to the mouth by the podia; the 
bueeal podia sort out the particles, and rejected ones along with feces 
are passed out of the burrow by the podia. Larger pieces of food arc 
grasped by an arm loop and conveye<l to the mouth by arm retraction. 
This species docs not capture live animals- Specimens maintained in 
an aquarium for 18 months were never seen to emerge voluntarily from 
the sand. 

The ophluroids in general combine the ingestion of bottom material 
with carnivorous feeding. Kichelbaiim (1910) found that the stomach 
contents of several common Luropean ophiuroids consisted usually of 
75 to 90 per cent of bottom material, including detritus, diatoms, forami- 
niferans, dinoflagellatca, tintiniioids. and so on. intermingled with some 
animal prey, especially poly ch act e worms and small crustaceans, less 
often young echinoderms and bivalves and other mollusks. Wintzcll 
(1918) also reported that Ophiura tcjturata and Ophtothrix fragilis feed 
primarily on bottom material, whereas Ophiocomina nigra eats chiefly the 


Oi'HH HOUiE.X: HEHAVlOH 


661 


kelp fronds on which it lives plus the hydroids and other animals inhabit- 
ing these fronds. According to May {192oi, Ophionereis rtticulata cats 
only plant material, as algao and diatoms. In a<|naria ophiuroids may 
be fed on small bits of fish. In the flooding of ophiuroids, smaller particles 
are passed to the mouth by I ho p^xlia and possildy also ciliary action, 
and larger particles are graspe<l in an liim loop and earn eel to the month 
by the coiling of the arm. 1l U improbable that the mucns-ciliary method 
of feeding is employ<*<l by any ophiuroid as tin* nefessary ciliation Is 



-CuiiMMOtt r}^>|iiuri>i<J«. Oykio^ff • mti AOutitic Counl of the* I lilted 

Stfttca. 

'Van ting Iflislt'oj. The f<sKl hubil.s of tlic Kuryalae are not well 

known, as these animals usually dwell at e<mslderal)le <lepth,s. AsUroui/x 
which attains elevaticm fr<jm the lH>H<nn by twining about pen- 
‘‘aiuli<l8 and other lull cwlentenilcs, wa.s thought by Mortetisen (1912) 
to catch copejrfKls and other plaukloiiic animals, but (lislen (1921) found 
d filled with thr polyps of the coelcuterate. The gorgonocephalids eat 
‘opepods and other plniiklonir animals Ihul become entangled in the 
nieshwork of the small terminal arm branches arminl with microscopic 
luKiks (I'edotov, I92h- This author found them livijig in aggregations 
^0 the Kola Fjord on rocky shelves swept by plankton-bearing currents. 

tHwrvcrs agree that ophinroids aix* able to s<‘ns<r food (giving off 
JMiecs) w'ithont eon fact. Pn*ver (l8K7i n*|n»r(ed that Op/tioihrma wa.< 
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attracted to a crab leg 6 inches away and continued to advance when the 
leg was remo^-ed ait other 3 inches. Opkiomyxa perceived a dead fish 
without contact: it might make an arm loop about an inert object of 
similar shape hut would soon drop it. Ophiura (exturala was seen by 
von UexkuU (1905) to wave the arms on the sides nearest pieces of fish, 
then spring upon them. The buried Amphiura chiajn indicates the 
presence of food in the aquarium by waving its exposed arm tips about 
(Des Artes, lOlOi; iso)ate<l arm tips also react to the presence of food 
for about an bonr. The MacCI initios { 19-10) also note sensing of food by 
ophiuroids at a distance of several inches. Food perception is probably 
located in the podia. Cowles (1910) experimented with detached rays of 
Ophiocoma riisei turnetl oral side up. The podia of such rays would pa8.< 
food particles to the proximal cut end, but inert particles of similar sisc 
wore quickly dropped unless soaketl in fish juice. Ophiodrrma longicaudc 
boat a busty retreat when strong odors as attar of roses, asafoetida, and 
ammonia were brought near the arms or disk (Oraher, 1889). 

The effects of mechanical stimulation have been studied chiefly 
by MangoKl (I909i and May (1925). A light touch on the arms evokes 
a positive response of the arm tips which bend toward the site of stimu- 
lation and may adhere to the stimulating object hy their podia, whcrcu.<< 
the proximal purls of the arms curve away from the stimulated spot, 
thus putting themscIvc.H in a flight attitude. If the leading arm of an 
arlvancing animal is touched lightly, it will grasp the stimulating ohject 
and continue to advance. Stronger excitation of arms causes their 
retraction with flight in the dir<Ttion opposite that of stimnlutioii. 
Excitation of the arm bases or of the disk evokes coordinated movements 
of the entire animal, eventuating in flight in the direction opposite that 
of stimulation. Mangold erninciales the general rule that the arms arc 
positive to contact distal ly. negative proximallv. The strong positive 
stereotropi.sm of ophiurolds has already lieon mentioned, ('owles (1910). 
experimenting with Ophiocoma riisei. found that the animal will seek 
the corner of a rectangular container and. if removed from the corner, 
tends to return to it and place the same arm again in the angle, thus 
indicating a retention of the storeotropic stimulus. Rough handling of 
ophiurolds may cause them to “freeze/' that is. go into a stiff, immobile 
condition, and this behavior is often a handicap lo expHTimentation. as 
is also their habit of throwing off arms at stimulalwl spots. Mechanh al 
stimulation of the aboral surface of the disk evokes the dorsal reflex, that 
is, the eurvature of the arms towanl the aboral side (von rexkull, 1905; 
Mangold, 1921). The same reaction is given by individual arms when 
touched aboral ly. 

A general negativity to light was already indicated (Mangold, 1909: 
Cowlos, 1910: May, 1925). Ophiuroids will seek the dark side of an 
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aquarium or container or retreat into corners or hide under stones and 
plants if available. In a darkened aquarium they may be found moving 
about anywhere, but on illumination they retreat into the darkest 
nvaiUihlo places. They react positively to dark walls even if these throw 
no shadow and will .seek the dark half of conlainers painted half black 
and half white. May noted little response to illumination of small body 
areas, Init Mangold noted retreat if only part of an arm is exposed to 
sunlight. Gouerally the sen.sitivity to light is greater aborally than 
orally and the arms appear more responsive than the disk. 

OpInuroUls rea<lily and (|uiokty right when placed on their backs. 
Two adjacent arms are exteiidctl sidewise to form a line like an acrobat 
doing the split, and the disk is elevated by the pushing of the other throe 
stilTeued arms again-st the substrate until it falls over, using the two 
extended arms as a pivot (Glaser. UlOTi: or the tips of the extended rays 
may twist over an<l bring the disk into normal position either with or 
without its olc'vatlon by the tnher arms ((‘owles. UHO). Winfsell (IOI 81 
described a dilTerent meiluKl of righting in species with more flexible 
arms, ns iiphiophoiia acuhato niul (iphiothrix (raijitu; here the arms are 
eivctc<l away from the substrate, then one or two arms reach across the 
oral side of the <lisk, attach, and pidl the disk over. Wiritzell gave the 
following figures fc^r the lime of righting; Ophiocomina riigra. 3 to 2") 
seconds, mostly less than 10: (iphiopUotin arulraUi, 17 to 65 seconds, 
mostly less than 3’>: and (iphiothrix 8 to 90 seconds, mostly less 

than 10. Glaser tHH)?). using Ophiothrma hreviapina, reported that 
righting time varied from 2 secemds lo over 3 minutes but usually occurred 
in less than 45 seconds. SjM'i'imens with but one or two rays can right, 
and Mangold (1921} roportwl rigliting in Ophioderma hfujicamh with 
one arm and lessthari half the disk. Thedlrertioiigf rightlngisinflueiiccd 
by concomitant effective stimuli; thus the animal rights to the side 
opposite that previously slimulaled meehariically or otherwise, and also, 
if negatively phototoctie. rights away from the light ((’owles, 1910). 

Arguments roncernirig the stimulu.s releasing the righting reaction 
follow the same lines as for a.steroids. Wolf (1925) ascribed righting to 
the pidl of the stomach on its mesenteries when the animai is placed 
aboral side down. He .suspended an Ophiodernm horizontally in normal 
orientation l>y a rod through the body after Ailing the stomach with iron 
filings and state<l that the animal would turn on the rod into the reverse 
position with the aboral side down if the filings were made to press against 
the aboral stomach wall by moans of a magnet. Fracnkel (1923), how- 
ever, reported normal rigliting after removal of the aboral disk wall a^id 
stomach. Mangold (1921) favored the theory that contact of the aboral 
surface constitutes the ixdeasing stimulus for righting and stated that if 
the uphiiiroid is placed al>ora] surface <lown on a cone of sand so that its 
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anns do not touch the substrate, it w-iW not right- However, he admitted 
that removal of the a bora I Ui&k wall and of the aboral surface of the arms 
so far as practical do not affect nglitiiig. Ophiuroids will right while 
falling through water but do so by t!jnn\ing flic »^tn^ aborall)' in the 
usual dorsal rellox and thus sbil’ticig tin* confer of gravity so that the disk 
turns over. If thrown into a ••froc/c’* by rough hand ling, they do not 
right on falling through water. It apiwars in^po^^il>le to reach any 
r(mcluHou as to the leleadng '*ticnulu> lor righting. 

Ophiuroid> have Uit'n eoii'Mhuablv empl<«ye«l a^ rualerlul for the 
study ol iieui'oinuMndar fuuetion. but tnueli ol iImh work d<M'> noi appear 
pci Uncut here. In tl»e aiiat<iini<:d ueeount tiu* U'laiiv<*ly great <levelop- 
mciU of the cciitrul nervoU> system. es|MTially of llie radial iH‘rvc>, in 
uphlui'iadK was noticiHl, and a giHaler d<'p<*n(lenee ol bidiavior <»n tbc 
integrity of tlie ner\ c>u.'‘ KVsIein in »»|)lnMi'oitl> ilian in <alier <'leiitfu'o?:oans 
may he auticipateil. I.CH'onnihon is impair<'ti by eulling the iierv<‘ ring 
Hi one or mou* Interradii or the rinliul neive at tin* arm base iPreycr. 
18R(>:<;vavc. ISlili: von rexkull. IlMri: Mangold. llMHh {U'2\ : May. Ifrio: 
Iliib.Krhlag. P.KtH), ( \)»ndinat«*<i diri*eH*<l hHomolion is impossible 
following euts aeri»ss the nerve ring at all inleinwiii. Arms nerv<uisly 
i!<n|ute<l by euts through the nerve ring nr aero-s tfie raihal nerve never 
lca<l in |o{ omotioii but are diuggi'd behind. I.^oluled avnvs do not ( reef) 
hikI uftei initial writhing remain rpiiesecoil unless strongly stimulate(l. 
1‘fiey may right in at least s«imc' .sjwries but <aily after many wasted 
movements and only if the radial nerve is iniaet. Cntting muoss tin* 
radiul nerve of an arm <if eourse pri'Vents truiismissicm !•> the rest ol tfi<* 
^miniol. and stimuli applied clislal to the cut cA'oke only IcMud react iotis. 

The learning ability of opluuroids has been leshsl by several iuvesti- 
KhPms, mostly by plueing fetter.s on ibe arms. Preyer 1HS7) 

Hcimired the ability rd ophiur<uds to OHuipe from fellers and entangle- 
ments and claimed improvement on rc*p**aled Iriala. but cithers have not 
'critu d the latter claim. An animal would try u variety of methods of 


ridding an arm of a pieee of rubber tubing drawn overil: waving the arm 
Mieigt^iiially back au<l loiib. rubbing the arm against the sulistrato, 
•milling the ttdiiiig against the subsirate with other arms and <lrawiug the 
out. pusliing tlie tubing olf wilb the other arms, or auUitomy of the 
^riu. Similar liehavior was notc<l by (dawr (11)07) after placing rubber 
•ubiiig over o!io or more arms of Ojtiitot/vniw bnrispina. The animal 
^'■ould try violent or writhing movements or rubbing the encumbered arm 
iigainst the disk or other arms or the conlainer or waving the arm in the 
of one cracking a whip. The ophiiiroid did not learn in successive 
bials to rid itself of the tubing more readily or faster but did repeatedly 
‘ hHiigj. behavior and did not persist in unsuccessful a<’tions. Diebs<dilag 
claimed some .success in teaching ifpbiothrix fragih$ to turn bft< k 
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at a boundary between two factors by punishing them with asteroid 
pedicellariae. The factors used were rough and smooth substrate and 
smooth and wavy glass. After repeated lessons the animal might show 
a better than chance turning hack into smooth at the boundary with 
rough iwithotit punishment), hut c|uickly “foi^ot”; the reverse attempt, 
avoidance of smooth, failed. Similarly, avoidance of either smooth or 
wavy glass, especially the former, might be briefly retained, although the 
animal normally shows no reaction to cither. 

22. Physiology. IkH'auso of their .small size ophiuroidg are not 
favorable for physiological invwtigntioii. and only limited infor- 

mation is available. Data on chemical composition are summarized in 
\ iiiogijidov (10o3), The water content of Opkiopholis aeuhatn is around 
57 per cent, that of Ophiothnx frogilig about Ofl per cent: the nitrogen 
content of the fresh weight of these two species is 1.31 and 0.11 percent, 
respectively. The .skeleton consists of 80 to 93 per cent of calcium 
carbonate (in the form of cnlciteas usual). 0 to 15 percent of magnesium 
carbonate, and small amotints of phosphate and salts of iron, silicon, 
and aluminium. Some speeies contain up to 4 p<*r cent of calcium 
sulphate (gypsum), Trace.s of <uher elements arc pre.seni, as barium, 
stroiitittm. manganese, fxjioii. copi)er, and cadmium. The colors of 
ophiuroids are nltribntuble chiefly to earotenoids. I.onuberg (193h and 
l.bnnberg and flellsirojn il93D demoiistrat<*<l carotenoids in several 
common species of Kurupeaii ophiuroids, and Fox and Seht‘er (I9-II i, in a 
more careful study ot thn^c ('alifoniia sp<Ties. determined that the 
carotenoids are chiefly xunthophylK to a k*s.< extent cnrolenoid acids. 
Ophiuroids are thought to contain cholesterol, not found in other echino- 
derms except ^^diinoids ( Bergman n. 19*0). 

.As already iudiciited, ciliary currents occur chiefly around (he bursal 
slits iutzell. 1918; (lislt^n. n)*24). In the Ampftiura species, which il 
will be recalled live burled in the S4in<l. (he current enters the oral end of 
the bursal slits and exits at (he jK*ripheral end. whereas in other oplii- 
uroids, as far as studied, the current runs in the opposite direction, in 
peripherally and out orally. Currents running mostly toward the mouth 
may bo present on the arm ba.sesand along the mouth angles. In a group 
of species including Ophiofornino nigra, Ophiothrix /rogilifi. niKl Ophiopho- 
Its aci/lcofa there are transverse currents on (he oral side of the proximal 
surfaces of the arms, running between the spine base.s an<i the podio. 
Gorgofioccpkalus shows the usual current through the bursae, but .Ufer- * 
onyx lorcni appeared to lack ciliary cunent.'? almost altogether. 

The water currents maintained through the bur.<ae undoubtedly 
serve a respiratory function; in addition disk movements that pump water 
in and out of (he bursae have Iteen observed by several of (he older 
workers {Apostolides. 1881: Fjelsirup, 1890: (*uenot. 1891a), Ois!4n 
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(1924) 8ft\v pronounced respiratory pumping in Atnphiura filiformUf less 
definite movements in A. chiajei. In the former species the respiratory 
movement “is performs 1 once or twlec a minute by strong dilatation of 
the soft skin of the ventral side (of the disk) whieh after 35* 50 seconds 
sinks down again. Tfie bursal li>sures nsnully ^land open during the 
whole pnMTSs. As the amphiurids normally lie buried in the bottom- 
slime one may Imagine that thc*M* respiratory movements putn[) tlie water 
in niu) out (lirougli the narrow <’anal> leading tc» the surfa<'e of tlie bottom 
ill which the :lrm^ lie. thie may often round the* openings of the 
canals tlinaigh whii h the arm^ ]m>trucle. a Imsty swirling up of particles 
of sand wliicU inclicales tlmt then* is a strong disebargi* of water through 
the canals.” l)i*s .\ries iIlHO' notinl a muscle layer In the disk wall of 
Ampltiiirn rhiajn' that could aeeompllsli raising and lowering the <lisk 
wall, bikI further saw water rurn*nt.s emitle<l from the sand canals 
enclosing the arms, A. II. Tlurk tltHtb reported that in Ophioilirix 
IfpidiiH the top of the disk riM* ami fell in a mon* or less rhythmic manner. 

r<H“lliiigcr ; IKWb noticed that the water- vascular system of Ophiactin 
Wrrnsis lille<l with c <H»lom<K'yteseontainiiig ri'tldiah inelusionsand, having 
i^uhjcetod the cells to speetrogvaphie examination, announeetl the presence 
of haemoglobin in the reddish indnsions. 

Measurements of the oxygtai intake of several eommon ophiuroids 
of north Kun»jK‘nti e«msis were made hy Winlzell tllMHi, who obtained 
the following tigures expn's.M'il as eiibie centimeters of oxygen per milli* 
Kram uf nitrogen per 21 hours; Arnptthinj chuijci, O.OoG; Ophiopholu 
•iriilcufii. 0.121: Ophiunt hhith. 0.1 2K; Ophiocomina nujrtiy 0.207; and 
Oph ioth r ix Jrn ij il , 0 . 2" 1 . Ob \* i ou si y , s |x*ci es w i 1 h 1 1 u* m ore ac I i ve ha bi I s 
Kivc higher figures on oxygen coiiAuniption. 

Winixell U018) reported the presence of a strong proteinase, acting 
in both ueid and alkali no medium, in (/phiura U’Xturala; an amylase and 
probably a lipase were also present. This author described the occur- 
"^ace in this siK*ck*» of a strong ciliary current carrying small food 
particles into the stomach along its |K*ripliory and out eentrally. Certain 
'ypes oi sphernloH in the roclomcK’ytes were regarded by ('u6not {1891a) 
of the nature of protein n*«crves. This author also surmises that 
normally excretory pnaluels exit through the bursal walls because in 
Ophiarlin rirens, which lucks bursae, yellow and black granules, and 
crystals insoluble in mineral acids aceumulute in the liody wall, coelomo- 
'7tes, and ambulacrul .system, es|M‘c*ially the polian vesicles. 

huminesccnce in ophiuroids was discovered some 1 50 years ago in 
Amphipholis squama la and its existence in several other species has since 
been proved. The available fact.s are summarized by Dahlgren (1916) 
and IJurvey (1052). There is no gorwl evidence of the occurrence of 
hinnncscouce in any group of oohiuoderms other than ophiuroids. The 
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I'olUnving species are known to be luminescent: Amphipholh sqvamaia, 
()phiop$ila annulosa and nranea (Mangold, 1907, 1008; Trojan, 1908, 
1909a). Amphiura filijormu (Mangold, 1907 J, Ophiacantka hidentaia 
(* and Ophiotcohx glaciatU (Sokolov, 1909), and Amphixtra 

kandai (Kato. 1047). The luminescence is limited to the arms, ema- 
nating mostly from the spines and around the spine bases, and is absent 
from the disk. In Amphiura filijormh, only the spines lumijiesce; in 
Amphiphohs squamata the light is localized on and around the spine 
bases: Ophiacautha hidnUafa luminesces on the spines and lateral arm 
shiehU: in Ophiopailn aranca the luminescence is limited to the oial arm 
shields an<l the arm lips; and in Ophiopitila anuitlona, the oral and lateral 
arm si li eh Is and the ordinary and vihratilc (flagellated; spines am 
luminous. Podia are not luminescent in any case. Only the living 
animal Inmine.'^eos, and drietl material or extracts cannot be made to 
lumines('e, The Uimim‘s<*enc*e is brilliant, of a yellow or yellowish*grcen 
••olor. It is cvokinl by me<*hanical, oloetrieal, or chemical slimulation 
and spreads from a slimulaU'd spot by way of the radial and ritig nerves. 
Stimulation of llic aboral wall of the disk is followed by luminew'cnce of 
the arms. I sola tod spines of species in which the spines are luminescent 
will luminesce on cliomieal siimulalioji. Acids, alkalis, alcohols, strong 
salt, and ostH'eially fresh or distilled water are effect ive in evoking 
himltiesceuee. An animal placed in fre‘sli water will continue to luminesce 
with decreasing intensity until it dies. Harvey tising Amphi- 

photic ifqmmnla. found that this animal Is luminescent in the light {some 
luminescent auimals lumine.s<*e only after a considerable sojcnjrn in the 
dark) and that it will lumines^'c only in the presence of oxygen (Harvey, 
H)201>). Histological studies of luminous areas have been made by 
Ucichenspergor (h)08b, ci, Trojan (1909a. [», and Sokolov (1909). The 
luminous areas contain large long-necked cells resembling gland cells that 
stain heavily with thiouin ami mucicarmine and usually differ from gland 
cells present in other body parts. The contents usually stain uniformly, 
but Sokolov pictured the cells as tilled with parallel fil>er8. It Is generally 
conceded that these gland- like cells are the source of the luminescence, 
but it has been impossible to show that they emit any kind of a luminous 
secretion or indec^l any secretion at all. 

23. Ecology: Geographic Distribution. The Ophiuroidea arc found 
in all seas, at all latitudes, on all types of bottom, and at all depths from 
the intertidal zone to the abyssal region, down to (lOOO m. Iicraus<' of 
their small size and secluded habits they are not so conspicuous ati 
element of marine faunas as are the other echinoderm classes and arc 
more difficult to collect. The littoral ophiurolds are seldom .seen e.\po.scd 
oil the open bottom but lie hidden in or under dead coral masses, in the 
intersliees of sponges, among gorgonians and other branching coelenter- 
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ate$, in available ncN>ks and cre\'ioe8, under stones, among seaweeds, 
or buried in the bottom saiul or mud. For these reasons they are as yet 
incompletely known taxonomically. although a lan?e number of reports, 
based on collecting and dredging expeditions, have been written about 
them. 

It may first be pointed out that some littoral ophiuroids have a very 
wide distribution, notably Amphipholi^ fuiuamata (Fig. 207 j, which is 
cosmopolitan, turning up in every littoral eolleetion throughout the 
world, including the subarctic and subantarotic areas, and descending 
from the intertidal zone to m. SpeeialUts on ophiuroids have 

examined speeimens from various parts of the world and pronoujjced 
them klentieaL It certainly is astonishing that this small creature has 
hoen able to spreatl everywhere an<l adapt itself to a wide range of con- 
ditions. Another widely distributed and extremely common ophiuroid is 
Ophit[ctU savigmji (Fig. 207), foutul everywhere in warmer littoral \vaters 
and heuee cireum tropical. Perhaps its mcKle of rcprcMluction by fission 
is responsible for its sueci^n in populating the tropioK. This species is 
six-armed and fissi parous when young. l>e<'<jmlng five-armed and appar- 
ently ceasing asexual reproduction when mature. At the last fission 
the three-radiate pr«Klu«’t regenerates <udy two jaws and arms. This 
species is very commonly asMM'iatwJ with sponges, and hundreds of 
juvcnilcH may he found in the interstices of a large .'<i)onge. 

As Is the ease with other echi noderm r lasses except possibly asteroids, 
the littoral ophiur<iids center in the Indo West Pacific region, beiitg 
dciisc.st in the heart of this area, w*hieh includes the Malay Peninsula, 
the Philippines, and the numerous islands of Indonesia, and thinning out 
ht all directions tlierelrom to the limits of the area, to the Hed Sea and 
the custom coast of Africa on the west, to .lapan and tlie Hawaiian 
Islands on the east. Main reports on this vast area, apart from earlier 
ones, are thos<* of Dfiderlein (IblMi) on .Amboina and Thursday Island; 
Koehler on the eol lections of the invvsiig<xtor in the Indian Ocean 

ond (IPO.)) on the Hihaja col lee lions in Indonesia; 11. L. (%rk (1915) on 
^\vlc»n and (1921) on the Torres Strait region; Koehler (1922a) on 
the collections of the Athairosn in the Philippines and adjacent seas, 
^1927) on material from the (lilbert. Marshall, and Fiji Islands, and 
riy30) on material from the Malay Archipelago; H. L. Clark (1939) on 
(he ophiuroids of the .John Murray Expedition to the Arabian Sea and 
adjacent parts of the Indian Ocean; Tortonese (1930) and Ailsa Clark 
(1952) on the ophiuroids of the Red Sea; and A. H. Clark (1952) on 
ttiaterial from the Marshall Islands- Some species arc spread throughout 
the area, while others have a more limited distribution. Particularly 
‘ hyaci eristic of the Indo-Pacific arc members of the families Ophiothri- 
^hidae. especially the genus Ophiothrix. Ophiocomidae, Ophiodermatidae, 
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and Ophiolepididae- Of common widely distributed Ophiothrichidae 
may be mentioned Ophiotfuiza cacadica, Ophiothela danae, and Ophiotkrix 
cxigua, galatheae, hinula, longip^a, marlen$i, nereidina, pusilla, purpvrea, 
propifiqua, stefligera, stnoloia. triloba, and trilineata. In the Ophio- 
comidao, widely di.stii)>uted species include Ophiocoma scolopendrina, 
crinaccus, pica, and brcvipc$, Ophioinazlix anntihza, mixta, and liitkeni, 
and Ophiarthrum ehgnnz. Common Ophiodermatidao are Ophiarachna 
inerassala, Pcctinura goldii. Ophiarachnella gorgonia, infernalh, and 
seplcmspinosQ. and Opkioptzella spinosa. In the Ophlolepididae may bo 
montioiiod Opkiolcpis cinrta, Ophiura kinbergi, and Ophioplocus imbri- 
coins ; in the Amphiuridac Ophiocnido cchinaUt besides the ubiquitous 
AmphiophoJis squantnla; and in I he Ophiomyxidae Ophiomyxa brevispina 
and australis and Ophionereis porrecta (Fig. 272). The horizontal range 
of some of these speeios is astonishing. Ophiomaza cacaolica ranges from 
Zanzibar on the .\friean coast to New Caledonia; Ophiolhrix lorigipcda 
from eastern Africa to the S(M*ioly Islands and Japan; Ophiocoma scolo- 
pcftdrina from .\fncu to Japan; Ophiarthrum elegans from Mozambique 
and Zanzibar to Tahiti and the Ryukyu Islands, and the range of Ophi- 
arachfut iuerassnia, |H*rhup8 the largest of the Ophiurue, is similar; 
Op/iiarnr//n(7/o gorgonia from Natal and Zanzibar to Oylon, Japan. 
Fiji, and Samoa; and Ophioplocus imbrica/ns from Zanzibar to the Clilhert 
aiul Ryukyu IslancU The curious genus Ophiopteron with arm spines 
webl>ed into fans is limilcKi to the Indo-Pacific. 

As itidieuled above, the fauna of the Philippine* Indonesian area tends 
to spread to the fringes of the great Indo-Wesl Pacific region. The 
same common littcwal ophiuruids are found in the RchI and Arabian Seas. 
As rogav<ls the latter, II. L. Clark (1939; reported 102 speeies obtained 
by the John Murray Kx|>editlon, of which 71 were in the families Ophia- 
cantbidae. Amphiuridae. and Ophlolepididae. Examination of the 
map shows that the northern coaat of Australia lies on (he fringe of the 
Indo'Pncitic area, and in fact about 60 of the 223 known Australian 
species of ophiuroids (H. L. Clark. 1910) belong to the general Indo* 
Pacific fauna; the remainder, especially those of the southern and western 
coasts, arc endemic. About half of the ophiuroids that have been 
collected on the Croat Barrier Reef (H. L. Clark. 1932) are Indonesian 
and are included among (he common species named above. Principal 
works on Australian ophiuroids are those of II. L. Clark (1928, 1938, 
194()). Southern Japan, too, that is. the main island of Honshu, is to 
be regarded as continuous with the Philippine-Indoncsian region by way 
of the Ryukyu Islands, Japanese ophiuroids were monographed by 
Matsumoto in 1917; he listed 232 species, of which 65 also occur in the 
Indo-Padfic area and 140 are endemic to Japan ; the remainder participate 
in the boreal and arctic fauna. The Hawaiian Islands constitute the 
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most easterly outpost of the ludo-Pacjfu* region. Their ophiuroids have 
been reported by H. L. Clark (l92o), Ely (1942), and A. H. Clark (1949). 
The latier states that the Hawaiian fauna is an dtfenuato<l I ndo- Pacific 
fauna with some local miMliliration into endemic species. The littoral 
species are nearly all common Indo-Paciiic c»phiuroids, included in the 
foregoing list. 

Proceeding now to the tropical eastern Pacific or Panamic region, 
one finds a mimbor of reports on tin* ophiuniid fauna here; Lutken and 
Mortensen U»9hi. H. 1.. Clark tllM)2a. 1910. 1913. 1917, lU IO), McClen- 
doa (1909), Ziesenhenne^ Il9:t7, 1910 k Nielsen im2\, Poone (1928, 
1933). A. H. Clark tl939.. and Kicket(.> (19111. Mo.sl of lliesc reports 
arc concerned primarily with material dredged In deeper waters. In 
addition to the ubupiilou.'^ Ainp/tipholu ^uamata an<l Ophiactis savignyi, 
other littoral species in common with Indo-Paeilic localities occur in the 
Panamic region. Thii.^j Amphiura orry s/a/a also occurs at Japan; 
0phiacl}9 Vrdyeri from the coasts of Chile and Pern Ls also found at 
Hawaii; Opioromtlh clipptrtvtii from ('lip|)crton Island ofT Mexico has 
been taken at Hawaii. Wake [^lnncl, Laysun, and the Palmyra Islands; 
Opliiodenna paiiam(ri9e, one of the most common liU()rul Panamic 
ophiuroids, is also recorded from tlie Sumlwicli Islands: and the extremely 
common I lulo- Pacific siHTies, (fphiorotna hrutoprmlrina. roaches the 
Panamic regimi. Ophiurohi> tfius appear to have Ik'cji more successful 
than other ccliimKierm groof).^ in migrating from the Indo*Pacilic to the 
wester h shores of tropical America, .\motig tlie most common littoral 
ophiuroids of the l*anamie region may be mentioned OphiothrU ^piculata, 
Ophiocomn dclhiopa and alrxanflri, OphMermn panamcujtv and I'arutjatum, 
Opkiomyrn panatncnHia, Ophiom rcU annuiata, OphiOcUn poeijicnm, Opfii” 
ocnida hif/puia. 0 phi uni lulh-iii, and Ophioclis arrnoiui and simplex. 

The western tropical Atlantic constitutes a faunal region that includes 
the Bermudas, the West Indies, and the Caribbean, and extends north- 
ward along the southea.stcrn coast of the United States to the Carol! n as 
and southward along the coa.st of Brazil. The same fauna is doubtless 
spread into much of the Gulf of Mexico, but this body of water is not 
included in the available reports. The faunal area in ciuestion, which 
be rei erred to in general as the West Indian region, is rich in littoral 
<Jphiuroids, numerous as to both individuals and species that swarm over 
tile coral reefs. Main reports on the ophiuroids of the West Indian region 
Hi'ctho^c of Lyman (1883), Verrill (l89<Jb), Koehler (1913), H. L. Clark 
11902b, 1919, 1933, 19H), and Engel (1939). Much of these reports 
concern the species of deeper water, obtained by dredging or by dragging 
n tangle over the bottom, to catch the species that eling to sponges and 
ci’olcntcralcs. The littoral ophiuroids have been especially considered 
% H, L. Clark, who divides them into three categories: circum tropical 
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.sppcics romprising the two faniilirtr forms. Amphipholi$ sqvamoia and 
Ophinctis savigniji, of which the latter is said to swarm in great mimbej's 
who rev cv conditiems are suitable: tropical Atlantic species spread through- 
o\jt the whole ^^es^ Indian area: and .species, about a dozen in number, 
strictly II mi led to the islands of the West Indies. Of the second group 
the most common species are Ophiothrix anqulafa and Ophionems 
rclictilala (Idg. 270. Other widely spread 8pe<’ic.s include Ophiomyxa 
Jlocctda. Amphiotfio rejx^ns. Ophiothrix tti/rnttonii and orstrdii, Opkiocnida 
miMiiseula, Ophio^ligmo iKOranthum. (tphiocotna echinafa^ pumila, and 
riifici. Ophiop.'iiln rn^i. OphicHtt nna apprcsftum, hrevicauda, br<'rifipina, 
and cim'rcui}i. ()phiol< pin /tripins. and (fphiozoiia irnprensa. The preva- 
lence of the families Ophioihrichidae, Ophi<H*omidae, and Ophlodcrma- 
tidae may he \U)UhI At Hermiida ill. L. (Nark. 1922, 1912) Ophiourreis 
relirulala is again I ho most o}»vicms ophiuroid, f<nin(l easily under stones 
in till* intertidal zone: other litlorjil brittle stars of Bermuda fall into 
the foregoing list. 

TIu* eastern tropical At hint ie which comprises the western coast of 
Africa from the ('ape Veixle IslaiuM to Angola has l)een singularly omitted 
from exploratory expeditions but is in fact rather poor faunistically. 
(’hief accounts of ihe ophiuroids arc those of I)6<lerloin (I9l0l and 
Koehler il!ll Ij, Of main interest is Ihe <M'curreiice of severni species in 
common wlili the West Indian region, namely, Ophiocoma pumila, 
Op/iioitn'wa apprinmim. aiul Ophiolcpis paucinpina. 

From the i topical areas there is a northward spread along the con- 
tinental coasts to points varying wilh the ability of tropical species to 
endure cooler water lemjM'rat nix's, On the Paeilic Coast of North 
America some of the mewl common Panamic sjjccies. as Ophiothrix 
spinilata. Ophwiirrtis anniitato. Opfiiodcrma pnunmc/tsf. and Ophiaelis 
arrnosa. extend northwaixl along Ihc coast of California. Typical 
shallow-water ophiuroids of the Pad tic ('oast of the Cnitcxl States 
(II, I.. ('lark, 1901. 1911: Mc(*lendon. 1909: May. 1921: lierkeley, 1927, 
the Muedinities- 1919: Ricketts and ('nivin, HWt. 15).>3j are Amp/doflia 
hnrlMmr. ocri(lriitnli$. tirlira. Amphifdiotin puydonn. Ophiopfrris papiflo.'^y 
and Ophiopheus enmarki. In slightly deeper water, not above 10 m., 
Ophiiira liilkcni and sorsi are exe<'s.‘{ively abuiulant. especially the latter. 

II. L. ('lark (J911) In his valuable study of the ophiuroids of the North 
Pacific, covering an area north of a line extc*nding from central (’alifoniia 
to the southern end of .lapan. had nearly 21. IKK) specimens of Opinnra 
sarsi and ()o8 of 0. lutkvni. Over 1000 s|M*<*imens were taken of the 
circumboreal daisy serpent star Ophiopholis acuteafa and its variants. 
This species ranges southward on Ihe Pacific Coa.st as far as Monterey 
Bay, California, and lives from rock pools to a depth of 2000 m. 

On the Atlantic Coast of North America. West Indian species may 
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range to the CaroUnas, but north of this the littoral ophiuroid fauna is 
poor, compounded of the cosmopolitan Ampfiipholi$ equanuUa, the West 
Indian species Ophioderma brrt'inpina. ascending as far as Massachusetts, 
and the circuraboreal forms Ophinra rohuefa and Ophiopholis acvlcata, 
descending from the north as far as Massachu«*tts or Xew Jersey (H. L. 
Clark, 1904; Coe, 1912). Two long-armed amphiiirids, Ampkioplus 
abditus and marilentus, arc found lo^'ully on the New P^iigland coast 
buried in mud beyond the lower tid»* linnt, 



4lq. ^76. .. Map »l,owjnit vUe«m»>or«al clMobullvn of OpftiofMU ceutcaia (•x/tfr Ho/Hrn. 

It has been noticed in the accMniuts of the geographical distribution 
of other cehincKlcrm classes that a move or leas uniform echi noderm 
fauna extends from Ireland and the northern limit of Norway along 
north European coasts, around the British Isles, down the western coast 
of Europe, into the Mediterranean, and along the western coast of Africa 
as far as the C'ape \‘erde Islands. The <*ontinuous coast lino here offers 
no bavriev to the spread of littoral marine fauna. Ekman (1953) attri- 
butes the uniformity of the marine fauna over this extended littoral area 
to the circumstances that the north European coast is warmer than 
"'(nild be expected for its latitude because of the Gulf Stream and its 
''arious branches, whereas the western coast of Africa is colder than 
anticipated for a subtropical area because of the upwolling here of cold 
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water from the depths of the Atlantic. The littoral region in question 
is roughly divisible into the boreal, to the western entrance of the English 
Channel, the lusitanian from here to the straiU of Gibraltar, and the 
manretanian to the Cape \ erde Islands. This whole area of the eastern 
Xorth .Vt Ian tic is prolwibly the best investigated faunistically of any 
marine region in the world, with the pos.'^ible exception of the antarctic. 
Its littoral fauna is well known through the efforts of European zoologists 
aiul its dci‘)>er waters have been repeatedly the object of Intensive 
dredging expeditions, as by the Michael Sars, the Ingolf, the Travoillcur, 
the 'I alisman, and the several yaehiK of the Oceanographic Station at 
Monaco. The littoral ophiiirold fauna of north European coasts is a 
mixture of endemic boreolusitanian spc<’ies and subarctic and arctic 
invaders from the north. The boreolusitanian element is well sum- 
marl zed in the works of Mortensen (1927|, .Mortensen and Lioherkind 
(1928). Griog (l<)28ai, K wider (1924). and Xobre (1938). The most 
common spo<'lc8 are (fphiofhrix frarjitis, Ophiocomina nigrOy Ophioclis 
halli, Amphinra l>orcali9, chiajei, and filiformis, Acrocnula hrachiata, 
Aniphipholis Kguomalti. Ophtopholis acutcata. and Opinura Icxlurata. 
ojlinis, and nlhhln. Ampinura JiliformiH and chiajei <lo not occur above 
20 m . but they are extremely common at and Indow thisde)>th, so much so 
tlinl in the eastern North Sea liottom communities are named after thorn 
(Petersen. 19 IS; Mortensen and Lieberkind. 1928|. Thus at 20 m. in 
the Kattegat on sandy bottom, the .Imp/nwro Jiliformis community 
contains 249 individuals of this ophiuroid per .s<|uarc meter of surface; 
other main componenu of the community a 1*0 the spalangoid Echino- 
cardiuni eordatuin. bivalve.s. gasteropods, and polychaete worms (Fig. 
27l»i, with a few si>c<4mens of (Iphinra albula and textumfa. A dect>er 
commtinity, at 00 to 75 m. in the same area, is dominated by Ampliiura 
chiojei and the spatangoid Erissopsis lyrifera. Some of the boreo- 
lusitanian sjKcies extend into Ihe Mediterranean, where there are also 
endemic ophiuroids seldom or not found elsewliere, as Ophiomyxa 
pentagonay Ophiactis nrens, Amphiura mediterranea, aiul Ophiothrix 
quinqnemaculata (but only below 40 m.i. Many of the more common 
boreoKusitanian species continue throughout the manretanian coast, such 
as Ophiothrix fragilis and Amphinro Jiliformis. but there are also endemic 
littoral species that do not extend northward beyond Gibraltar or Spain, 
as Ophioderma longicauda and Ophiacantha Sifosa, The West African 
coast here has been extensively dredged, )mt little work seems to have 
been done on the shallow- water ecdiinoderms. 

The boreal fauna is continuous with the arctic fauna on both the 
Atlantic and Pacific sides and is not delimilable from the latter. The 
most common and typical littoral arctic ophluroids (fJricg, 1900; Dodcr- 
lein. 1900; von Hofsten. 1915; Mortensen, l<J33c) stTO Ophioseolcx glucialis. 
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Ophiacantha biden tata , 0 ph topholis acu leata, A mph iura sv n devalH, 
Ampkipkolis torelli, Ophiura sarn and rod us/a, Ophiocltn sertceum, 
Stegophiura nodosa and stuvnUii, Ophiopieuro borealis, and Gorgonoccpka- 
Ins arcticus ( * agassizi) and f u<*nc*m**s. Sev<^ral of tliost* descend along 
the Nonvegian coast (Oviog. lfl'28ai to l>crome prominent members of 
the European boreal fauna » as OpbioscoUx glaciatis, Ophiacantha biden fata, 
Ophiopholis acidea/a, Ophiura sarsi and robusta, and Ophiocten acriccum. 
All of these are found throughout the whole of the Investigated arctic 
areas of the Atlantic and some an* also found on the i^ucifio side, that is, 
they are circumpolar. Thus the list of circumpolar littoral ophiuroid.s 
comprises Ophiacantha biiUntata, Ophiopholis aculvala, Amphinra sun- 
(ievalli. Ophiura sarsi an<l robusia. Ophiocten scriceuin. and Stegophiura 
nodosa an<l Htuwitzii. By way of the Bering Strait and Bering Sea these 
species may descend from the .\rctlc t)c*ean along (he Pacific Coast of 
North .\meri<’n. and by way of tfic sbore.s of (Ireenlancl and the waters of 
Baffin Bay and Davis Strait they n^ixrh Newfouiulland, Nova Scotia, 
atid the New England coa.sl. 'riius Ophiunt sarsi. of which it may be 
reralled 11. L. ('lark (UM I > had nearly 21, BOB specimens from the North 
IVihc, reaches Cape ('<h 1 on the Atlantic shle and northern California 
on the Pacific side. Ophiopholis acuUaia common arouiul Spitsbergen, 
the Barents Sea, the coast of Norway, the North Sea, and aroun<l Iceland, 
from which it jumps to the southern part of (ireenland and down the 
North American coast t<j l.ong Island Sound; <iti the Pacific side it is 
abundant ar<mn<l Japan and in the Bering Scu and reaches to ('alifornia 
(Tig. 275). 

The tropical littoral e<dilno<lerm fauna thins out and is rcpla('ed by 
other .Hpocies toward the higher latitudes of the Southern Hcmi sphere. 
This is particularly noticeable in the I n<lo- Pacific region. On Australian 
coasts, the c<'hinrKlerm fauna is most like that of Imlonesia in the Torres 
Strait ((’ape York) region and becomes more and more endemic to 
Australia the farther one goes in either direction from tins center until 
no Indo-Pucific species remain on the southwestern coasts of the continent 
(il. L. (’lark. UMfi). Similarly the littoral ophiuruids of New Zealand 
and adja< cnt island.s, comprising over 10 s|>ecics. are nearly all endemic 
(New Zealand ophiuroids by Faniuhar, 1805, 1897, 1898, Mortensen, 
192 1, Fell. 1919). Of the 11 littoral ophiuroids listed l>y Morteusen for 
New Zealand. 17 belong to the .\mphiuridae, whereas there is a total 
absence of species of OpAiiira. The nonendemic .species include three in 
<’ommon with Australia, Ophiocrcas rons/riWu»*, Ophiomyxa breuirima, 
^nd Amphiocuida pitosa; one widely spread Indo-Pacific species, Ophio- 
thrix aristutaia; and three subantarctif ophiuroids, Ampfnura eugeniae 
and mogcllanica and Gorgonocephalus chilensis. variant of an abyssal 
l^unumic serpent star, Opkiactis profundi, inhabits the littoral gone at 
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X e w Zea la n d. The ophi u roids of t he subaii t a rc tic islands of e w Zea I and 
(Snares, Bounty Islands, Antipodes, and Campbell and Auckland 
IslamU) are identical with those of New Zealand (Mortensen, 1924; Fell, 
10531)) with six endemic species of nine found there. 

On the African coast. Zanzibar. Madagascar, and to a lar^e extent 
.Mozumlii(}uo share in the lndo-Paci(ic fauna, but south of Mozambique 



trxiiira/ft: 4. £rfiihofitr4ium 3. |icnnulyt»d Vir^utcnc miraUi/ii! C, blvnlvcs: 

7. (ca»tropoUs; S, «'orniH. 

around the CajH* of OcxmI Hope is found an endemic littoral erhi noderm 
fauna with scarcely any liido-Pacific or Australian dements. The 
erhinoderms of South Africa proper, (hal is, (he C'apc of (lood llop>‘ 
region, were first made known [>y the collections of the ChaUenger. whicfi 
took a total of 41 cchincKlcrm species in that area. The most recent 
and informative reports on South African ophiuroids are thase of II. I« 
Clark (19231)) and Mortensen (1933a>. The latter lists a total of 8- 
South African ophiuroids tfrom all depths), of which 5G are known 
nowhere else in the world. Several common T nd o- 1 *avi fir littoral oplii- 
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uroids extend as far as Natal, but only two (Ophionereis dubia and 
porrecta) reach the Cape proper. Ophiothrix arislulata, from below 70 m., 
is found in common with the Malay Archipelago and Australia. Some 
subantarctic species also form a component of the South African fauna. 

As previously indicatetl. the aiitan^tic and subanlarctic, especially 
those of South Amencu, have l)i*en the oliject of numerous collecting 
and drcilging expeditions, from the day.** of the ('h/ithnger onward. The 
ophiuroid takings of thc>c cxpc<litiotis have been reported by Ludwig 
(lOOri) for the Swedbb Magellanic K>;{M*tlilion; IuM*hler for the 

IMgiau, (HlObj for the Freurh. iP.KlSi for the ScottUh, (HUlu) for 
the British. (191‘ij for the s<*coiid French. ^Ur2•Jb^ for the .\ustralian, 
and (Hl‘23t for the Swedish .Viit arctic Kxixsii turns; Hell fl908; for the 
National Anlaixdic and (HH7> for the Britisli .\iitarctic Terra Xova 
Kxpeditions*; (]. A. Smitli (19'J3> on ihc collections of the Quest; Hertz 
(lh27a) for the (unman South Polar l*!\pc*ditioii <ui the Gauss; Orieg 
(192na. h) for the Noruegian .\ni»rclic Kxp^sliiioii ; Moriensen (192ob; 
for a colh»{*lion from the Ihiss Sea anti in a Oiseorery report; 

and A. 11. Clark (19ol» fronj i<jl led ions by the rihle<l Slates Navy. 
Ah pointed out by MortciiMeii, a c«mi|)reheiisive zoogcographicul dis- 
('UKsion of the nntan lic and suhuntartic is iinpo>>>ihle hi^cause of a luck 
of explorations of the higher southi*rii laliludc.^ of the hulian uiid Puc'Uio 
Oceans. To Fkman's d92r>) <IUcnH>ioM ri'portetl above ipage 234) may 
he added some remarks )ty lOH-hh'i* ( I9I2> and l(i*r(z t n)27h;. Koehler 
places I lie boundary hetw<n*n the uutarcti<* and Mihaiilurdic at a cir<4c 
''Hrying hclucen tK) and south latitiule an<l the northern houinlary of 
the suhiititar<4h* at 12 tootP. Soiitli of the line of division between the 
Huhantarctic unci the untnretic the surfuc*e tcm|M‘raturc of tlic sea is 
<’onstaritly below frii*zing The suhuntarctic falls into the 

^lagellaitic rc‘gion. im huliiig the Falkland and South Ceorgia Islands, 
>^nd the Kerguelen area, which in addition to the island of Kcrgucdcti 
•^uy be taken to iuehide several other i.sohited islands at the same latitude, 
the (’rozets, Heard, Marion, and Prince iMward Islands. 

AiiKiikg the very common littoral ophi uroids of the Magellanic region 
t»r(* Op/a‘or/t7i amUinutn, Opfttomifxa vtvijHira. OphutearHfia eir*?para, and 
Opkiaclis aspi-rula. Ophiocten amitinum. iMdoiiging more nearly to the 
’inliihi.nihal, was re port dl by Morlenstm tll>3(») as wcurriiig around the 
I'alklarifl Island.s by the hundreds iA thousands, pc t haps millions. 
^Hhcn* species repentcHjly taken inc*Iode .Iwip/ciVx/tVi ajfiuis, Ophianotu.s 
^•exacltSy Op/itare/cpii' inarlensi (* rcsistens), Ophiacantha disjuncta, 
AmphiuTa enycniac, lymani, magfUattira. and jHttayouiea, Ophiolrbella 

' Liulr rercirncc has liocn made* m llicso to the work of BHl and of A. K. 

urill^ UH tlu'ir uU’iitj Heat ions aro not r** liable ami tlicir d<‘S<Tiptlona .'iro waiiCing in 
• dclujl tic-ccji^iry in lasonotiuv work. 
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bisaUifcra, and the euryalous species AsirotOTna agassizi, Asirovhlamys 
bruneus, and Gorgonocepkahis chilen$i$. From Kerguelen, Koehler 
(1917) reported 17 littoral ophluroids, of which seven are endemic and 
the others include common Magellanic species in the foregoing list. 
As regards the antarctic proper, mast of (he collecting has been done in 
(he wc*s( an (arctic, including the Palmer Archipelago, South Shet lands, 
South Orkneys, etc. Many of the littoral ophiuroids here have spread 
into the area from (he Magellanic region, but a number of characteristic 
species occur, such as (fphiarantha aniarcltca, Amphiura aigida, bcigicae, 
and joubini. Ophionotus I'ivtorioc, Ophturofepis gelidn, OpliioMeira ficnouqui, 
Ophiura ronchi, and Ophioeirn megahphx. Such collecting as has been 
(lone in the east antarctic (Hoss Sea, South Mctorla hand) has yielded 
much the same species as found In the South American areas; hence a 
(uimher of species appear to be circumantarctic, as Ophiacantha disjuncla. 
Amphiura joubini, Ophioctrn megaloploi, Ophiurolcpis gelida, and Astro- 
loma ngaHfiizi. In general there is to be notico<l a prevahnice in these 
higlua* southern latitudes of (In* families Ophiolepididae, Amphiunduc. 
Amplulcpi(]ida(^ and Ophincanthidae. A numix'r of genera, heiu'c 
unfamiliar, are limited to these high sotithern latitudes, as Ophiocamox 
aiul OphioHfMiie among (he Ophiacanthidae, and (fphiorcrcis, Oplnopfrlo. 
Ojihioplinthun, and Ophioirbeltn among the Ophiolepididae. 

There are noophiurc»ids in common IxUween the southern and northern 
polar regions exeepl, of course, the cosmopolitan Atnphipholi^ squotiidta. 
.Vs with other elcMttlierozoan rla.ss<‘a, (he southern p<dar waters are much 
richer in ophitnoids than the northern. A. II. ('lark (lUol) states that 
there are about oO uphiuroid species in (he high antarctic as against about 
a dcmni in the high arctic. The prevalence of bnxxJing species among 
antarctic and suhant arctic ophiuroid.s was noterl above (page (>*27). 

The foregoing remarks apply primarily to the littoral species, many 
of which, however, (xTur over a wide bathymetrical lange, extending 
from the littoral Into the abyssal. There is. further, a large ophiuroid 
fauna confined to archibentlial and abysaal depths that has heen revealed 
by the numerous dredging expwlitions alreadj' mentioned. Because of 
the more uniform conditions prevailing in deeper waters, anhibenthal 
and abyssal species often have a w*ide di.stribution, and some are cosmo- 
politan or practically so. with the omission of high arctic and antaictic 
regions. b)sp(H'ially three ophiuroids are notable for their extensive 
diRtribnlion in deeper waters: Ophiomttsium hfnioni, 700 to *1000 m., 
‘'probably the mast common and widely dis(rihuted of deep water 
ophiura ns" (II. L. Clark, 1941); Opftiura iVrorata, 000 to 1300 m., 
rather variable and appearing in (he literature under several dllferent 
specific names: and the euryalous Asteronyx loveni. 100 to l&UO m.. 
sometimes ascending into quite shallow water. Some other wideiy 
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rfistributed species, recorded from the Atlantic, Pacific, and Indian 
Oceans are Ophie7Txu$ adspersuSf 290 to 3600 m. ; Ophiocten ha$t<itum 
rincludes pacific^im); 900 to 1900 m.: Amphiophiuro sculptilU, to 3000 m. ; 
and Ophinra fingeUata. 06 to 2330 m. The family Ophiacanthidae is 
more or less limited to deeper waters, and a num)>er of its genera, as 
OphiopHnihaca, Ophiolhamnus. Opliiomctlfa, Ophiotrrma, Ophiokhes, are 
never seen in littoral ooUeetinK- The whole group Eiiryalae is also 
charaeteristic of arrhibenthal and abyssal waters, although not infre- 
(luentiy ascending into the littoral zone, e^pecially iri voider areas- 

Tho eastern North Atlaiiti<‘ from Spitsbergen and Norway to the 
(‘ape Verde Islands is the be>t-iiredged region in the world; main reports 
on the ophiuroids here are thi^se of Koehler (IlKKi, 1909>, (trieg (1921), 
and Mortenson (1927. 1933e). and the Inst in his report on the ophiuroids 
of the expedition has given u general aeeount of this group in the 

North Atlantie. The most eommiMi ur«*hil»entha) and abyssal ophiuroids 
<if the eastern North Atlantic are Ophiomifnih rlaiigrni and Op/iiacantka 
rrasiniilcnH, nriMntn. and MioM in the Ophiaeanthidae; Ophtaclis 

tihffSnivolG (* corotli^olo* in the ( Iphiaethlae: Amphiuro tiraudis, grandis^ 
(mmc (» lontjispittu). and hr//fs and Attiphwp/ihini couirra. ahdiln, and 
hullcta (very nby^sal. lHt»0 Icj .MKW) m.» in the Amphiurldae; and Ophiura 
fjynijmanni ami vnrnut ami Ifplkvptntra nuniutiaru in the Ojdnoleimlidae. 
l^ome of those spe<'les extern! tc» the North Anieriean side of the North 
AtluJitie. whi<‘h, bcANever. has ni»t been extensively dredged: \'errlll 
fIRSO. 1832. IHH5J, ilreilging olT the New Ihigland roast to 1000 m., found 
many of the same spoc'ies ns reportial from dixxlgiiigs of the eastern 
Atlantie. To the north the <leep-waler Atlantie fauna is continuous with 
dmt of the arctic, us most <if the littoral aretic ophiuroids mentioned 
rhove (page (>7 I) deseencl into the arehibenthal and abyssal zones; thus 
Ophiovfrn Hcrirnim ami Ophinrantfio hu/tiitota ar<» found to nearly 5000 
fn. (drieg, 1900), According to Morteu.sen 0933c I. the arctic abyssal 
from dveeiiland to Norway has u po*)r ophiuroid fauna with only two 
species limited to this zone. Ophtopkum horfxtiis ami Op//top//rrn striatum. 
A few of the North Atlantic ophiuroids extend to the West Indies where, 
however, there are a number of eharacteristie ophiuroids of deeper water, 
reveulerl by the dredgings of the (Lyman, 1883). tlio ('halkmjer 

n.yman. 1882), and the .W/fj«0>t!L ('lark. 1911). Hardly any except 
•he cosmopolitan species mentionwl cK*cur in common between the North 
aiicl Houth Atlantie. Several species are also found in the Indo-Pacitic, 
Opliiotnu.^ium planum to 5000 m., Ophiacanlha vakneienneei to 1900 m., 
ami Ophiura ck mens to 2000 m. The greatest depth at which ophiuroids 
have been taken occurs in the eastern Atlantic near the Cape Verde 
Inlands where the Monaco yacht Prineesse Alice (Koehler, 1909) made 
haul at 0035 m.. bringing up three echiiHMlerms. the poreellansterid 


PHYUM ECH/XODERMATA 


iSSO 

star Albatros$a$tcr richardi (page 403), and two serpent stars, Amphi<h 
phiura abdita and Opkiacontko operculoris. The Suryalae are M'ell 
represented in the deeper waters of the North Atlantic. Several species 
of Asteroschrma occur in the West Indies. Asirodia tcnvispina, associ- 
ated with the ponnatulid Sclrroplilum, has been found off New England 
and in the West Indies at depths of .500 to 4000 m, Astrochele li/mani 
has XI similar distribution, at 180 to *2000 m.. and is usually found clinging 
to the govgonian AcoftcUa arhu^uh. Con/ofioccphalus arcticum, to 
loOO m.. is common in boreal and arctic areas, 0. cum cm is. to 1850 m., 
is an nr<*tic form extending into the boreal, and 0. capvt-mc<lu$ac, 150 to 
1200 m., is also boreal. 

The ophiuroid fauna of the N'orlh Pacific was extensively reporto<! 
by 11. I.. (Hark (191 !i. Here. too. the fauna of deeper waters consists 
partly ol hardy spt'cies able to endure n wide range of environmental 
coiuliiinns and desceiuling from the littoral of aictie and North American 
and Asialic shores; and partly of species re<|uiring colder temperutuics 
ami hciK'c limited to archibeiithal xind abyssal waters. Tlio former 
*p<'< ies are ternu*<l ocean ir by ('lark, who lists 18 species in this category, 
nearly all of which range from the littoral well intc» the abyssal and arc 
sf>iva<l thr<mglioul the whole of the North PacifK*. This list includes 
t ) le c os n V )\ii )l i t ji n speci es m c* n t iom‘d a I K)\ e, u a m c*ly , Oph io m usiu m 
hjmtini. Ophiurn flai/rttata and irrorata. Op/turnufi adsperHus, Asteronyx 
hrmi. the <'ircuml)orenl siMTi<‘s Ophiurn wrui and Ophiopliolis 
xunl HiJccies limile<l to the North Pa<*ihc. as Ophiura Irptoctifiio (2(K)0 
s))e<*irncns Opftioctm fmeijirum. (fpfiioninsium ioffirnxe. Amphiodid 
cu ri/nup / X , a I u I O ph i/ica u th a norm o « 1 1 1 tHM) .*< jM*ci m<*i is). A not In* r c oin m o 1 1 
species of decix'r North Pacilie waters. (fpfiiacauOin buirdi. also occurs 
in the North .Ulantir, from its eastern part throughout the West Indian 
area. Kspecially notable is the grout number of species of the genera 
Ophiura (30) and Ophiocantha (32 1 , although some of those have no 
doubt siiK'o lK*rn transferred to 1*010 ted genera, ('lark lists 23 .species as 
limited tn the abys.'^al, including bsiHrie.sof Ophiura and 8 of Ophiaran/ha. 
The typical gorgtMKHophalid of the North Pacific, 0. carpi, of which 300 
specimens were taken, ranging from California, Oregon, and Wa.shington 
to Japan and the Bering Sea. is probably identical with (!. cucuemis. 
whi<h is thus a circumarctic and circumbojeal species. The author 
fre<iuc‘iitly saw this basket star alive in Puget Sound where it often 
comes up in dredges lowenxl to 20 or 30 m. ; it niuges to 1800 m. 

The North Pacific is of course continuous to the .southeast with the 
Pan ami c region and to the south with the tropical West Pacific, and it is 
not surprising to lind the same ophiuroids spread in the deeper waters 
of these areas. Dredgings of the Panamic r<*gion aix* reported tnainly hy 
I.utken and Morlcnsen (I89il‘ and II, I., Clark (1910. 19l7f, The 
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ophiuroids of deeper water here comprise a mixture of cosmopolitan 
species, as OpAtwro irromla and fiagellQia and OphiomvBium lymani; 
species in common with the North Pacific, as Ophxocten padficum and 
Opkiomusium jollitme; species spread from the Panamic roRjon into the 
Indo-Pacific. as OphiacaMha I'oiencirnncM and Amphiura and 

endemic Panamic deep-water sp<‘eies of which Ophiomusiion glahrum is 
the most charaeterlstic member. Other common opliinroids of deeper 
waters of the Panamic area ai*e Dphinctiuihn cofanica, smtom. and incon- 
spicun, Ophiurn iumulo^n and p/owo, Ophiozoua n/fwi, .! mphiura scrpvuiina, 
and Op/ifoncrcM luui Mminmhm. The al)sence of AsUronyx 

loveni from the Panamic rcKion is notable. 

Besides the Panamic sp(*cic^ just menliomHl, all of the cosmopolitan 
ophiuroids of deepiT waters also extend ilironjshout tlie deeper waters of 
the Indo West Pacific urea, ami these nuters also have some species in 
common with similar depths in the ensteni Nt>rlli Atlantic, especially 
Ophioihrix (iriMulaUx . Uoiitalophiura inoruotti, ami itphiomunium mlulum. 
The Indo West Paciii<' has also beoii a number of times, betfin- 

iiing with the ChatUnijtr, ntal the litalinns have been reported mainly by 
Koelilor tlHlM), HtOl, lH'i'ia. Wi'MiK Onnmcjii species api>jirently limited 
to the deeper waters of the Indo West I’ncilie itudude (fpftwthrix rapiUnrts 
and A*crca«u in tin* <)pliiolf»rii hidae: ()phivi'*nnax ruijo.'w, Ophiopliftthacn 
fjhhatu and rutlifi. am I Opinotrxla yrofioffn and tmilura in tfie ()plna<*au- 
thwiae; Ophiomusinm c/ryaas, /nram/^ai. nxnhrr. and /aware, OphiozoiuUa 
molenta, Amphiophium norilutu uikI Stajophiuru ^iolufa. aiul 

Op/n'orernaijA dvrlitiann in the Ophi<ilc*pidi<lae; and Hathf/pfcltnura 
roHHpifna in llu* ()phi(Hlermati<lac. A lar^c miml«*r of members of llie 
Kuryalae have been eollecled in the Indt^-Pacilic region (mineral account 
of the Ku rvalue known to that date in Ddderlein, 1927; also Morten sen, 
b)33b); but none of these M'em very c<munon or widespread except the 
u) )i c lu i t u n s /I Mr ron yj hi'en i. IdbdtTlei 1 1 I ists a t < jt a I of 38 eu i y a Uu is «(* i lo ra 
and over 130 sjK'cies, of which alxiut hall uri* limit<Hl to the ln<lo West 
Paeific area, ineludine Japan but exelndin^; Australia. They live at 
depths ransititf from shallow water into the abyssal, but most are found 
at areluf)eiithal levels. 

The antari'lie a ml subunt arctic have been repeatedly dredKcd by a 
succession of expeditions aln*ady enumerated (page 577), some of which 
eollccteil to a depth of oODC) m. Ilertx il9*27b) gavi* a useful summary 
'>f the accumulated knowledge to that date of the ophiuroids of the high 
an t a rc li e or ant are t i c* p rt)p<‘r , t h c* a i ea sou t h of tM)*^ I a t i I u<l i» : and su bsei j u e n t 
reports by (bieg (1029a, b) and Mortenwn (1035) have not added much 
iu this regard, .\dding two new specio-s di*seribed by Mortensen, one 
finds a total of 01 ophiuroids that have been taken in the antarctic 
(including littoral spweies) of which 70 are limittKl to the antarctic and 
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the remainder also occur elsewhere, chiefly in the subant arc tic. Of these 
endemic species 22 are limited so far as known to the west antarctic, 28 
have been taken only in the east antarctic, and 5 are known only from 
Sovith ^ iotoria Land. Around 50 of the endemic species have been 
colleclod only by one of the many expeditions, hence must he considered 
as not very common. Twenty-seven species are listed by Hertz as 
exclusively abyssal, and of these Ophiocantho frigida is the most common, 
Common abyssal .si)eries that may also extend into the archibenthal and 
the subant arctic are Opimirdcpis geiida. Ophiacanlha disjuncla, Ophio- 
corns atUurrfrra, Ophiostcirn scttoftgtn, Ophiura rottchi, Ophioccrcs ificipiens, 
and .Imp/nnra bctgicoc. The Hi's! throe of these are circumant arctic 
while the others appear lacking from South Victoria Land. Some of 
the most common and characteristic ophiuroids of the higher southern 
latitudes have notably wide horizontal and bathymetric ranges. Ophi- 
oclcft amidnum Is f<iund throughout the whole of the siibaiit arctic, also 
in the antarctic, ranging from the littoral zone to 3600 m. Ophicniun 
known from the antarctic abyssal to 3600 nv. is also known at 
the Azores. Ojihiaronlha coswico is an abyssal sp<Ties known not only 
from the antarctic and subant arctic abyssal but also in the liulo-Pacific, 
the Cape of Oocid Hope, and the North Pacitie l>y way of the coasts of 
(’hilo, Some alfyssal subant arctic ophiuroids also wcur in the eastern 
Xorth Atlantic, notably Ophiura minutn. to 1020 m., Opliiuro huflata. 
to oOOO m., and Opliiw fru poUidum. to 1700 m. Koehler (1012) surmises 
that North .\t Inn tic abyssal forms may ivach the subant arctic by way 
of the African coast and the (Vozet Islands. 

From this survey of gec^gniphic distrilmt ion one gains the impression 
that ophiuroids hove been more succes-sful than the other existing 
echinodorm classes in spreading over the sea bottom. The only littoral 
cosmopolitan echi noderm is an ophinroid {AfiiphiphoHs squomata). 
and several ophiuroids of deeper waters arc eosmopoiiton or nearly so. 
Seemingly small size, greater agility, and m'ludetl habits have given the 
ophiuroids an advantage over other typ<‘s of existing echinoderms, 

24. Ecology: Biological Relations. The parasites and assort a te.s of 
ophiuroids include the usual a.^sort merit of protozoans, poly chad os, 
gastoropods, and crustaceans, and scattere<l representatives of other 
groups. In addition, Op// faro fexfurata and aWirla, especially the former, 
are parasitized by a unicellular green alga, (’orcemy.ro ophturac. that 
inhabits the mesenchyme of the skeletal meshes, forming green spots 
externally obvious (Mortensen and Uosorivinge. 1910). These spots 
gradually increase in size and. by destroying the skeleton, the algae 
eventually kill the ophiuroid. The peri t rich oil late Rhabdosfyla amphi- 
urac. under several names, has been notice<l by several authors on the 
surface of Amphipholis squamata on European coasts (Cudiot. I891cl, 
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Another pcritrich, Zoolkamnium tennicoUi, was recorded by Precht 
(1935) on the buccal podia of Ophiura albida in the Bay of Kiel. Lickno- 
phora auerbackii and Trtchodina ophiothricii occur on Op^io^Arir fragilu 
(Fabre-Domorgue. 1888). Amphipholis s^uamaia achieved fame as the 
hast of the parasitic* phase of the orthoncotid Rhopalura ophiGcomae 
(I, page 242). The ciliated larvae jx^iietrate the serpent star by way of 
the buival slits and, passing into (he tissues, there develop into plasmodia 
that destroy the host’s gonads ((’uullery and Lavall^e, 1912). The 
sexual indiviiluals that dcveloj) in the plasmodia c.seape ifirough the Inirsal 
slits and lead a I»rief free existeiiee. No memUTs of the rliabdoeoel 
family I'magillidae, welUkiiowii ent^K-ommensals of echiuodcTms, have 
lieon found in ophiuroi<l>- A polyelacl, Euphna takrwokii, inhabits 
llie bursae of f)phiuptocus jaftonicu^, Japan, and seems to feed on the 
attached gonads. uIm^ laying its <*gg nul^s in tlie bur.sa (Kato, 1035). 
Ophiura sarsi is ho.nt to the inelneerrarial stage of a lish trematode, 
I'f'Uoflistomum filUtt; tlie eereariae emerging frtun the first intermediate 
host (el.am) penetrate into the opliiiiroid un<l einyat on the outer surface 
of tlu* stomach pimehes U'hul»rik. !9o2n Moiterisen (1930) mentions 
having found a nemat<H]e in th** mule gonarls of Ampitiuru mivroplax, 
Kulmiituretie. 'fhe same aullior 1 192 1 1 recorder I the juvseiiee of a number 
of individuals of a loxosomatid eritopnK-l on the <»nil .surfo <’0 of Aiiiphi- 
ocniidn pilom Imth at N‘en /(^aluiid an<l .Vn.slmlia. 

Because of their .Hinall sixe uiul lively habits, ophiuroids may tiot be 
exported to serve as readily us other ecdiiiUKlerm.s a.s hosts of polyehaetous 
unnolids. The ptilynoid aniielhl i/armofftw lurtulata livea in association 
with an assortment of animals, inc luding other polyehaetes, sipuneuloids, 
ami various eehlncnlerins. It waa found at Jamaica by Millott (1953) 
clinging to (ipinonenift ntirultiUi and oti the English coast by Davenport 
M9o3) in a.ssociation with Arroenuh hrachiata, a sand- burrowing amphi- 
urid. Davenport found that sjMTimens of the polynoid removed from 
the scrpcMit star \Nould react positively to the cucumber Leptoeynapta 
luhfirreH.^, but those removed from the eue umber or other hosts were not 
atlraeled to the serpent star. .V little bivalve, Monacuta bidentala, 
may participate in the //(jrnie//«>c-.'lcroc«td<i association. On the coast 
of France, tlie jirotoc lively colored polynoid Scalinclosits pdlucidus occtirs 
oil OpIUofhrU fray it is (Cuf'iiol, 1912). .An arm swelling with a small 
aiH'iture observed on two speeimens of Ophiuru lumiilosa, abyssal in the 
I'unatTnc region, was Pnind to contain a small polychactc of uncertain 
systematic position, to which was given the name Ophinricola cynips 
(Uidwig^ 1005). Myzos tomes (page 115) were first found on ophiuroids 
II. L. Clark (1902), who reportwl them on two dredged Euryalae, 
Ophiorreas and Adcroccras pcrgamc/ia, Japan. They were next seen on 
^^pbinronUiei vivipara, antarctic, by Koehler (1907). The genus Ophi- 
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acanthf} in cold waters appears especially subject to mysostomes, which 
ixtivQ been I’oinid on 0. anomah (Mortensen, 1933c) and 0. rosea (Morten- 
sen. 1930). mastly around the bursal slits and in the bursae. No records 
wore fmiiicl of their occurrence on other ophlurous genera, but the genus 
f^rolomijzontoma parasitizes the interior of species of Gorgonoccphalvs in 
arctic and iioreal waters (Fedotov. lOld: Movtensen, 1927): in Gorgon, 
f ucneiiiis the parasite devours the gonads and thus sterilizes the host. 

'I'ln'i e are few recoixls of the parasitization of ophiuroids l)y parasitic 
snails. The presence of snails assigned to Slitifer was rccoided by 
Dmlorloin 1189(5) on Ophiomt/xa brevUptna and by Matsumoto (1917) on 
Ophiollirix rnacrobrachia. Schepman and Xierstrasz (1900), reporting 
on the parasitic snails collected hy the Siboga in Indonesia, described 
three* sjH'cies of Mncronalia on sjx'cies of Ophiothrix and on the curyalous 
form .[strochalcis ttibcrculo^m, Mucronofiu lives on the external surface 
of its victim and thrusts its long proboscis into the latter's tissues. 
Mortenson (1933a) saw a specimen of Kiifima ou Amphiti/rus androphortis 
aiul (n)3t)) found a very degenerated snail without shell living inside the 
antarctic ophiuroUl A tn phi lira Mijicoe; the parasite, connected to the 
exterior by u sn^ Jl aperture, was fiile<l with shelled baby snails. 

OphiuroUls are much subject to infestation by ecto- and endoparasitic 
co)H'podM. Those living externa I ly on ophiuroids generally retain a 
typnal copepod up|«*arance although mostly rather broad and plump, 
The best known of the ectoparasillc forms is CancerUfa tubiilatfi, belonging 
to the .Vsterocheridae. found attached on the ora! surface of Aviphipholis 
M/iiaiiinta in European waters (Giard, 1887; Canu, 1892; Giesbrecht, 
1899; not, 1912: Meivier. 1922); as shown In Fig. 277.4, the head of 
the parasite is always directed toward the ophiuroid’s mouth. It is 
Interesting to note that a different species of Cancerilla (C. ncoitlanica) 
pavn.sitizes .-I. squaniota off New Zealand and adjacent Islands (Stephen- 
sen, 1027), and still a third species (C. riurbaiunsis) occurs on the same 
ophiuroid at the (’ape of Good Hope (Stephensen, 1933). Other known 
x))ocies are Vanccrtlla maph on (tphificnntha vivipara and C. alfila (Fig> 
277 ft) on 0. disjiincta, both from the antarctic (Heegaaid, 1951). A 
very closely related form, ('ouccrilhpsis nanaimensis, is found on Amphi" 
odta iirlica on the Pacific C'oast of North America (Niel.sen, l932;Stephcii- 
sen, 1933). Endopara.sitic copepods are usually greatly altered, appear- 
ing as sacs with projecting appendages. The first one to be described for 
ophiuroids (Fewkes. 1889: Hdrouard, 1906), called ftAtVfcW/iy# ompAiaroc, 
also parasitizes .'1. squama to. in which the swollen female often accora- 
panied by one to four dwarf males and a mass of eggs occupies one of the 
b\i rsae , t hn s p rc\'en t i ng vn*i pa rous d e vel opme rit . N ex t J \i n ge rsc n (1912) 
found Chordciimium obesum living enclos<*d in a sac of host tissue in the 
interior of Asierongx loveni. sometimes in such numbers as nearly to fill 
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the available space and thtia inhibit the gonads. The sac may contain 
a female, a mass of eggs, and a male imbedded in the egg mass; the 
lan’ae escape by the bursal slits, enter another host, and fix their hooked 
maxillae into the h(wt tissue, evoking the formation of a sac. A third 



I'lu. ;^7. C*o|>('|)orl of ophiuroid.'t. A. CaHc^rHlia lutHlata fixed to the ora) 

*nrf£K'c of AmiMiifioti/t <o/lrr ISM), B. Cancerilia alrtia from Ophiu^ 

fUNJAa •liajfiiiclu iu/ti-r t/repQ^/d. I95t). C. 4r/AwAordrh»ii«<m a»lcrom<irphar from fth orm 
ijAll of Aitlrram^rpha kwhUri. D. OphMka ophi^anth«e from a buraa of 0]ihiucantha 
•fflfru. SltphenMtH. 1933.) I, body of pora^iUs; 2. egg sac. 


hncliiijr was that of Arlhrochordeumtum appendicufosum in a gall-like 
swelling of an arm base of the euryalous Aslrodiari^ ^racifis (Morteusen 
and Stephonsen, 1018). A number of additional eopepod endoparasites 
nf ophiuroids have been deschlied in recent years. These include 
^^‘'Ihrochordeuminr' csleromorphae (Fig. 27 7^**) In a gall in an arm base of 
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the euryalous A^ieromorphc koehUri, and Opkioika ophiacanihat (Fig. 
277D) in the bursae of Ophiacantha uvera (Stephcnsen, 1933); Opkioika 
appcndiculaia in the bursae of Ophiomilrclla chi'igera (Stephensen, 1935): 
Parachordeumium (elracew occup^iitg a gall in the coelom of Amphipkolus 
fifiuamata (Le Calves, 1038); Ophioika ast/mmelrica in the bursae of 
Ophiacantha vmgo (Pyefinoh, 1040); and Opkioa'a lenuibrachia in 
Ophicantha disjuncta and rfripora, Lcrnacosaccus ophiacantfiae in 0. 
(lisjiinciay and Codoint discot'crifi in Ophiura mcridicnalis (Heegaard, 1951). 
In Ophioika ienuibrachia, two dwarf males were found partly imbedded 



Fia. 278.— AMoOiornrican bnrnarl^ p«raft)i«. A»cf>tt»orQj iulhotut, from interior ot 
Amjihiuro Mgico* nnd mieroiitaj, A. inaip «nd fcinslo in pi art*, enclosed l» » bivalv^ 

covering. B. fcn;ale removed from its roverinf. C. innle removed from ooverins, not in 
sAine iseole a» female: both resemble ejprie sUge of free-livioii barnacles. (AH a/(cr 
Hregaard. lOSI.) 

in the female, and the copepod was accompanied by a small eunicid 
polyehaolc feeding on its eggs. 

Ascothoracican barnacles of the genus /Iscef/ioror occur in ophiuroids 
as well as in other echinoderms. Those so far taken in ophiuroids belonj' 
to the genus AscolhoraXy which is much less modified than the genera 
that infest asteroids (page 410) and retains the structure of the cypris 
stage, being enclosed like the latter In a hivalved covering. A small male 
is often found adhering to the female. Ascotfiorax ophioctenis (Djakanov 
1914b; Stephensen, 1935) dwells in the bursae of the circumarctic specie^j 
Ophiocicn scriccum. and Ascothorax bulboius (Heegaard, 1951; Fig. 278 J 
is similarly located in the antarctie ophiuroids .4mp/ituro befgicac and 
microplax. A useful summary of the known Ascothoracica is given by 
Stephensen (1935). 
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Mention is made in the literature of other crustacean associates of 
ophiuroids- Grave (IS09) often noticed a small, protectively colored 
amphipod clinging to the arms of Ophiod^ma hrevispina. Mortensen 
(1927, 1933c) repeatedly mentioned having found in Opkiiira sarsi a red, 
sacciform organism full of oj2g> that was destructive of tlje host gonads; 
probably this also is a parasitic co|)ep<Ki. Later {1936; he noticed a 
similar organism in an antarctic ophiuroicl. 

Ophiuroids are nclahle among echirnMlorms for their tendency to 
episoic and ect<«*om mental habits. Their small size and flexible arms 
fit them for clinging to other iiuimaL, c>}n*cially branching types, and 
hence it is not surprising that they often cmtiii* in association with sponges 
and coclciiterat<*s. Young and half-grown specimens of the circum- 


Iropical Ophiavti.'i Mvitj/iffi are often found dwelling in Jiumbers in llie 
interstices of sponges wlicreas tin* adults <M‘cur free and singly. Doderlcin 
(1808) recorded (hut a miml>er of six-armed Indo-Pacihc opliiuroids, 
characterized by very small size and I is."! parous habits, regularly cling 
to the branches of alcycmaceans ami gorgonluns, ami Mortensen (1932) 
meidioned linding two ophiurons spccie^ twined about the branches of 
antipathanuns (1, page bion Ihn vulous opliiuroids, especially the five- 
armed spec ies, are eominonly found with their (lexihle arm ends coiled 
ubdut the branches of colonial enidariaus. sucdi as alc'yonuceans, gorgoii- 


iuns, and antipat hariaiis. The ubUpiitous Anttronf/x hveni habitually 
lives, at least in norllievii waters, inountcsl on tall, slender ponnatniid? 
of the genus /•'univutina which it Mvms to use us a vantage point for 
cupt urine plankton animals, keeping a couple of arms wound about the 
p«.>iinalulHl while* tlie others wave in the water. The young of this species 
seem to be bottom dwellers, b‘edliig on detritus. Acc*ording to ledotov 


(1921, 1931), newly metamorphosed f /ory on occpAufns in northern waters 
inUnhit colonics of the alcyonacean (Irrsemia, which may be literally 
covered with them. After the disk has reached a diameter of about 
5 mm. and the arms have begun to braneh, the young gorgguocephalidB 
leave the (krsemia and take np a residence on adults of their ow'n species. 
Here they eding mainly by hooking the arm tips over the edges of the 
bursal slits, often damaging these severely. Panikkar and Prasad 
(I9r)2; report eolleeling several sp<*clmcn-s of the rhizoslome medusa 
fOiof/ifema kthpidum that were eovcri*tl with all stages of the ophiuroid 
Ophiocnernin marmorata: the largest of the medusae (128 mm. in diameter) 
harbored ovct 800 of the ophiuroids. 

Several cases of commensal relations of ophiuroids with other echino- 
derms are noted in the literature. Species of the Indo-Pacific ophio- 
thrichid genus Ophiomaxa apparently live only in association with 
comatulids. This is definitely true of the widely spread Ophiomoza 
^caoiicii, not found apart from comalulids such as ComatuUi purpurea 
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ai\d Comunthux <iiitn>htum (II. L. Clark, \9'2\). Another ophiothrichicl. 
Op/nophlhirius actiuomclrnf. possibly really the young of some species of 
Ophiomaza, rlings to the eirri of Aclinomrtra Solaris in the Indo-Pacific 
(Doderlehi. I8!)8 k Mortensen (1033a) notes two instances of com- 
motisnllsni of ophiijroids.with sand dollars. The very tiny A^annopAtum 
hf/nrii. with di.‘<k only O.o mrn. across, Inhabits the underside of Laganum 
/fcpressuiii. an<l the sexually dimorphic Amphilt/cus androphorus (Fig. 
2o8,l ) li\'e.s on sand flat-s lK*neath Echinodiscus bispcr/oratus. 

OpIiitjrcmU very commonly live in aggregatiojjs (II. L. Clark, 1921) 
and young otion maintain conlacl with the adults in both viviparous and 
iioiivivii)avous sjHTies. study of ajortx'gation in Ophioilcrma brevispino 
olT the Massac-hu-setts coast was made by Alice (1027) and Allec and 
Pfwler (1032). This ^pccies lives among ool gra.ss and in nature aggre- 
gates Miily in NoveinlMT and December in the region of study. When 
place<l in bare containers, however, they soon collect in bunches, the 
more vapidly the brighter the illumination. This bunching is esscjitially 
an expression of negative phototax is combined with positive thigmolaxis; 
the animals gniher about a <iuie.*«'cnt individual or in the least illuminated 
area, reaching these by a succession of rajidom movements. Tests made 
during the nonbrotsling M*ason indicated an initial decreased rate of 
oxygen consumption in fnniched us com parcel with isolated individuals; 
Inlet the oxygen conMimpticiii of the group was found to be higher thuii 
that of a similar mass c»f isolate! ludividunk W'illiout foo<l and in an 
adccimite vedurne of wuter, bunched individuals survive longer and are 
less apt to cast off arms than iscdatcd sjandmens, Providing isolated 
animals with glass rods, in imitation of e<‘l gras-s. has much the same 
physiological effect as bunching with its fellows. The later study, made 
during the bix'cding season, gave different results as regards oxygen 
consumption, a higher initial intake in the grouped animals, an indication 
perhaps of mutual stinudatlon at bree<liiig time; otherwise results were 
much the same as in the 1927 cx()oriments. 

\ ery little information is available concerning growth in ophiuroids. 
Mortcnseii (1927) states that Opfniira tcxinrata reaches .sexual nJaturity 
in its thijxl year at a <lisk diameter of 7 to 11 mm. hut probably rctjuircs 
5 or 0 years to reach its maximum disk diameter of 30 to 3.> mm. Cirieg 
(1928a) gave data on some common ophiu voids of the Kuropean hoix‘al 
region: 0;>/n'opAoh> aciib^afa is said to reach a disk diameter of o to 7 mm. 
in 2 .veal's; OpfiiocUn svriceum one of 5 to 6 mm, an<l Ophiura sarsi 
one of 0 to 9 mm, in the same period. .Vs the maximum disk diameter 
attained by these sj^cios Is around 13. 18. and 33 mm., respectively, 
several years would .<oem to In* necessary for them to reach full sire, 
altfiough tliey no don In l)n*ed at 2 or 3 years of age. Ophiomusiufn 
fymani is slated by (Jrieg to attain ftdl size in 3 rears. 
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Ludwig (i890), II. I.. Clark (lOU). and Campbell {1022} have dis- 
cus8cd morphological growth changes in ophiuroids. Their findings arc 
to the effect that growlh changes at the arm tips repeat earlier stages of 
the arms- 

XI. CLASS OPHIOCISTIOIDEA 

Thi-s is a wholly extinct class of echiiKKlcrms of p<Tuliar appearance 
that lived from the Onlovician to the Devonian. The group is very 
j^inall, comp rifting five genera and less than fen .^jM•cies. It lias been well 
reviewed by I'baghs t lfr>3). The bcxly, us in echiiioids, was completely 
incased^ except for the peris tome, in a discoiil (e.st up to 1)0 mm. in 
diameter, with rounclccl. oval, or penlugotial contour, aiicl lacked arms or 
urm-like projections, 'bhe ahoral surface ol tfic lest is composed of plates 
without definite arraugeinenl, although Uegnell (1018) attempted to find 
some indicuti<ni of jHuitamcry here in Vofrhovia. In (his genus, also, au 
orifice supposnl to be an anus and provided with five plates forming an 
anal pyramid is present wvar the margin on the a bora) side, and peripheral 
to it is another opening, probably a by<lropor<* or gono|)orc or combined 
pore for these* two finiclions. Noftiicli openings are found in tlie other 
genera, although in fact the* alainil surface is riot well known in most of 
them. The center of the oral .surface is <M*cnpied by a peristome w ith u 
huccal apparatus of five interra<lial pie<*e.s. ftomewhal recalling that of 
Kotkuria (Fig. 2200) nrul upparenlly serving masllcalory junctions. 
The peristome is Klrcngthened with many little plates in Soltmina. The 
plates of the oral side of the test are definitely |H>n tumorous, arranged into 
five umbulucrul a reus of thrn* plate rows each and five iutcnvmbulacral 
areas of one plate row eueh; it will Ih* rccalleti that interambulaera of one 
plate row arc found elsewhere only iti BoUtriocidaris (Fig. 220.1, D). 
The po<linl pores occur bi'tween the central and lateral rows of plates of 
the ambulacra and from each protruded a giant podium, covered with 
little imbricated skeletal scales, in the different genera there are tw'o to 
pairs of pcalia in eueh umbulaernm and these may increase in size 
m the peripheral direction; the largest ones may equal or exceed the 
diameter of the test in length. A madreponte, intenadially situated 
near the peristome, is known in the genus Eucladia ami resembles the 
•nadreporite of asteroids; just p<*ripheral to this is u cluster of pores 
supposed to be gonoporal. 1 1 app<*ars probable that these creatures had 
but one gonad. 

Hecause of the scanty available knowlt*dge of this little group of 
Jstrjiugc creatures it is impossible at pres<*nt to establish their relationship 
bj other cchi noderm classes. It is evident that they moved on the oral 
Mirface and therefore are Klontherozoa, as further indicated by the 
Ifirgo podia, absence of food grooves, and presence of a masticatory 
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apparatus; although, on the other hand, the presence of an anal pyramid 
and the occurrence of the atius and gonopore or hydropore in one inter- 
radius is certainly suggestive of the Pel mat 020 a. Several authors have 
suggested an affinity ot the ophio<*istioids with ophiuroids chiefly because 
the three rows of amlmlacrul plates are remini.'^rent of the oral and lateral 
arm shields of ophiuroids. But the pa'^itional relation of the podial pores 
to these plates is different in the ophiocistioid?* than in the ophiuroids, 
and the total absence of arms would MH‘m to negate the idea of an ophl- 
u roid r('l a t i ons hip. T\ h* rc ‘in bl » n re a p | m‘u rs grea t <'V t o » re h a i c ee hi noitls 
than to ophiuroids, I'baghs ,M'nsii»ly coiK'ludes that the ophioci.stioids 
constitute a blind branch that arose at about the same level us the other 
elouthorozoan classes and hence is not »lorivablo from any of them. 

XII- PH YLOGENETIC AND COMPARATIVE CONSIDERATIONS 

' The discussion of phybegeny will Im* llinifMl to c*volution within the 
phyhim, us tin* relation of tiu' eehiiuKlerm.x to <»ther phyla eaunot be 
discufwed prolitably until the phyla concenusl have been elucidated and 
therefore is deferred to the next v<»lume. The eehltnxlerros have an 
impressive fossil recoixl going back to the early ('umbrian land one might 
anticipate that palaec)ntoh»gy would throw light on eclunoderm origins 
At id Q vol u t i ou . This ex p; hU r. ' i on w i 1 1 1 h* < I i sa p | >oi n t i*d , li o we ver . Vo n isal 
of Pivetcau^s (10.')3) treurisi* .shows that prominent invertebrate palaeoii- 
toiogisls do not agree on tln^ derivations of the main groujts of echino- 
dorms. ’The sufjjixd suffers from the fact that palaeoutologists are 
poorly informed on existing eeliiniMlerms untl xoologl.sts are poorly 
informed on palaeontology. The author ns a x<M»logi.st with seaiil knowl- 
wige of palaeontology must’ place the main emjdiasis in the following dis- 
cussion on t lie facts of embryology and morphology. 

In the foregoing pages ^heve has In'en eviclence<l a general similarily|] 
in the embryonic development of tN*hinoderms. This similarity has led 
fo a concept, based on emhryological facts, of an organism representing 
the common ancestor of the t'cliinoderms. The term dipieurula was 
invented for this common nncc.^tor by Semon (1888), but this author did 
not develop the concept, devoting his article to another type that he 
called pentaclula. It n'main<*d for Bather (1900) to adopt and expound 
the (lipleurula, and his expexsition has ever since heeu accepted uiKjuestion- 
i^'Kly by zoologists an<J pal aeon tedi^ists alike. Bather conceived the 
diplcurula (Fig, 280.-1) as a soft, elongated, bilaterally symmetrical 
creature without skeletal formations. The mouth, preceded by a 


.Wa*. 1R99>: on th« rislu one poriium has boon 
to altow tbe podiut imre. l. »nal openioK: 2. Mcond oiwumg. probably comhinod 
^uopore and Uydroporo; 3. p<Kiiu; 4. iwrUtoiiie: 5. bucfal armature, fK»"sibly rcprosentlng a 
'n&aiicatory apparatus; S, podial pore; 7. ambulacra: 8, jiilaranibulacra. 
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prcoral lobe, i$ located ventrally near the anterior end and the anus is 
slightly ventral at the posterior end. A simple digestive tract with a 
stomachic enlargement runs from mouth to anus. At the anterior end 
is found a ncr\*ous center bearing a sensory tuft and giving off nerves in 
the posterior direction. The interior space is occupied by coclomic sacs 
of enleric origin. Embryologi.st.« agree that ideally there are three pairs 
of these sacs, bilaterally arrnnge<l in an anteroposterior row on each side 
of the digestive tract. It was Heider (1912) who proposed for those 
three paired sacs the names axwool, hydrocoel, and somatocoel; Gisldn 
(1947) has suggested the more general terms protocoel, mesocoel, and 
mctacool. The axo<*iH*l opens on the <lorsal surface way of the hyd re- 
po ric canal and hydropore and is conceived by Bather as remaining in 
con t innit y with the corresponding hydrocoel by a narrow connection, the 
larval stone canal. The inner walls of the somatocoels meet above and 
below the intestine to form the primary mesentery, thus originally 
vertical in po.sitiori, and the gonad probably originates from cells of this 
mesentery. Any space remaining around the coelom I c sacs and the 
digest jve tract is presumably occupied with mesenchyme, not represented 
in Bather’s ligure but stated by him as tending to secrete calcareous 
spicules. 

The facts of oml>ryol(»g.v show that the eehincKlcrms areenJerocpelous 
coelo mates: the co<*lom arlwv o.s a pair of sacciform ^vgginations of the 
archmTerori. The obje<' lions of Tel I (ItM.V ltM8)' lo this generalization 
cannot carry any weight as they arc banwl on cast's of obviously derived 
and altered embryonic development. The geiiemlizalion that each 
coclomic sac (hen divides into three compart mejjts ajjpears also accepta- 
ble, althoxigh the separation (rf the axo(‘ocls is certainly not very clear in 
many cases. The separation of the somatocoels is definite in the majority 
of instances. But the author mu.si protest against calling the echino- 
derms three-sogmented animals or oligomerous animals after the German 
fashion. The suMivision of the coelom into three paired compartments 
is not segmentation in the proj>er sense of this term, since each compart- 
ment has a different fate. Neither do these coolomic subdivisions bring 
about any segmentation (by which is meant serial repetition) of any 
other structures. The <Thin<Klerms are not segment cxl animals. The 
coelom simply portions itself out to participate in various body parts, 
The echinoderms may be referretl to as tricoe I ornate animals, but even 
this expression may be stretching the truth, as the evidence for the 
actuality of (he axocoel and hydroc'oel a.s separate entities is not too 
satisfactory. Perhaps the older conception of (he division of each 
coelomic sac into anterior and posterior compartments is nearer the truth. 

It is probably acceptable to believe that the coelomie compartments 
were originally equally dev eloped on the two sides, althougli actually in 
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embryology the right axocool and hydrtK'ocI an* gerierally pooi ly de\'eloped 
and are altogether absent iu the embryos of criiioids and holothuroids so 
far as studied; they are l>ettei* expre'sed in a>tercn<ls, eehiuoids, and 
ophiuroids. I In asteroids and (*elniioids a iiuinlxT of larvae fiavc f)een 
recorded witTi liyclr<»|H)res or liydnMMK'b. ta bocli. ecjually and symmctvi- 
cully developed on tin* two sid<*>. witli tin* right ones later degenerating. 
Thus Field noted that chmlde liydro|M)res are eommoii in the 

larvae of .U'hrfns rul^arix. ''(I rave i IIH 1 * >avv <lonl>Ie hydrocoels in the 
larvae of the five-lunnied MiUtUt. von ('liiM*h iUU31n in l*(iract'iilrotus 
lu'iiluH, and fiemnnil in A/it*ri*ts rutnn.'*, Doiifde liydroporos aie 

not uncommon in tjitiviofix ifiemmill. kh(3: Xurasindiunuirti, 

1033 ]. and the tornier tkutlior n\>i) found liuun in larvae of Askrias ruh/rttt 


and f^orania pulriflus. Neuman i 1021 • rej><at«Nl <h»ul>lc> )jyclropt>res and 
hydvoporie canals in /'oP'rnj mhiiittn. lOUli Mac Bride (1010) and 
Narasinilmmurti i 1033 1 ohtuineil an inereuse in surh douhlings Ijy 
Buideciing ll;e larvae to augnuoiUsl Milinity. Allliongh Newman took 
the view that the <lonl>ling> rc*pre>ent a form id tu inning and are llieridore 
without phyl(>genc»tic >ignilican<'e. il is more areepiabh* to Ix^lievc that 
they are unec.stral reminiseenee.s and indieatc* tfnil echiinKlerms originally 
hud 1 wo symmeti'ii ally (daiasl liydropon*** and hydivM'iK'Is. Nevca'llu*le.s.s 
it must he admitted that no <Tliiinslerm is known wit It more than 


one hydrof)ore. 

In 1911. Whitcdioiise product**! an iner<*dihie arli(*l(* in whic)) he 
doscril>i*il two <*alcar(*ous 1'4»>Nils/iiMnd in tlu* Middh* ('aiuhriun ol Queens* 
Itmd tluU he conshlereii to he the nn»s1 |>rimitive echiiKKlcrm foanils yet 
uncovered- One of these that lie naineci was cut husia.st leal ly 

dosrriiicd us having )i(niM*(l an organism with tin* chu meters of the 
dipleurula. although in fai t tliis 1 'ixs.sil shims nothing hut an oi]i]>(ieal 
calcareous mass sutured into live pieces, a mcMiian dorsal and Uxo end 
and two side pi**ees./'' Whiteliouse ap|M*ars not to understand the concepts 
'd symmetry and segmentation. This ellipse is S4dd to ho hi laterally 
symmetrical like the dipleurula; actually It is Oii mfiiity not bilateral at all, 
und could not have lioused a bilateral animul except otie altereilTo radial 
or laradial .symmetry. ^lUehouse further lalk.s ainml Pcriiiionites 
having been segmented and clearly does not understand the meaning of 
segmentation. He gcK*s so far ns to create a xubphi/fum of eidiitioderms 

the hasi.s of this creature and this clas.Hilieatloii has already passed into 
oii(‘ c*ol legi* textbook of i n ve rt «• h ra t e pa la i *on f <il i )g\* . W' I li 1 4‘h i >u.se’« article 
has already met with the criticism it deserves from students of fossil 

<5chiiu)derms. ' 

It does not api>ear to the present author that the dipleurula concept 
‘8 of any great assistance in ehicidallng the common ancestor of the 
vchiiuMlcnas or in explaining their ch a raet eristic features. Dipleurula 
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is merely a name for features common to present echi noderm larvae. 
Nothing really has been gained by creating this name. Bather, no 
doubt realizing this, has carried on the story further but on a purely 
hypothetical basis, lie assumes that in the process of evolving into an 
cohi nodorm the dipleumla attache<l by the right side of the oral lobo. 
Such attachment brought uhout the degeneration of some structures of 
the right side and forced the mouth to move toward the original posterior 
end, taking the hydrocf»el with it. and thus bringing about the character- 
istic looping of the digestive tract. 1‘lie same torsion would bring the 
originally vertical primary mosi‘ntory into a horizontal position, and the 
right somatoeoc*) would become dorsal, the left one ventral. It is 
postulated that the pressure of the digestive tract on the left hydrocoel 
would force it into a horseshoe shape that eventually doses into a ring. 
Although there is embryological support for the occurrence of a torsion, 
as in the lar\'de of crinoids and liolotlmroids. the explanation of the 
suppression of the right side is not very satisfaelory. The crinoid larva 
docs attach at the originnl oral en<l but not upon one side. If is com- 
monly supiKwed that in Us early attached stage the ancestral echlnoderm 
took to lying upon its right side. 

I he picture drawn by Bather fails to explain the most characteristic 
feature of eehincKlerm structure, the water- vascular system and its 
coelomic origin. Bather believiKl (his system origiuattHl as three ciliated 
teninculiferous grmnes on the surface nirining into the mouth, one 
anterior to the mouth (In its new jMisiiionl and one to each side of the 
mouth; a groove did not ariM* pos(eric»r to the mouth because of the 
presence of the hydroiwjre and the amis there. I.alcr tlie two lateral 
grooves subdivided to make the typical tive. This story is not in the 
least supported by embryology. Hml»ryolog\* indicates that (he water- 
va.scular system ar«we ns tentacles, that is. as protnisions of the body wall. 
Therefore it appears (o the author that (he jjontaclula concept of the 
common ancestor of the echinoderms as first conceived by Semon (1888) 
and devolopetl by Bury (1895) is more satisfactory than the dipleumla 
concept. The pentactula (Fig. 280/^, <') is repr»'seji(<»d as having had 
five tentacles around the mouth, and (he latter may have l>een preceded 
by a \'esljbule. Tlie hytirocoel has alivady separated from the rest of 
th^'oelom to form the water ring and stone canal, and the left axoco<*l 
has given vise to the hydroporic canal and attached ampulla. Possibly 
tiie pen fac tula should be rcgardi^l os a later evolution of the dipleumla. 

If it is correct that there were originally two symmetrical hydrocods, 
then there must have been also a group of tentacles on each side, some- 
thing like a lophophore. as also postulated by Haecker (1912) and 
MacBride (1914). At any rate it appears clear enough that the water- 
vascular system originated as tentacles. ^Tentacles function best if 
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hoUow, and in a coelomic animal it is natural and even ine^^ table that a 
coelomic branch should extend into each tentacle. } Thus we may envision 
the separation of a hydroooelic part from the rest of the coelom. But it is 
certainly not clear why such a system of coelomic canals should require 
an opening on the surface by way of a canal dovolope<l from still another 
portion of the coelom (axocoel). The presence of a h^'dropore in the 



I'la. 2K0. - I’hylnjccADlic theories. A. <li|>l«urula iner-lof H<%ihrr. 1900). R, 

KniHctulu ancestor in ila biUteral comlitioM. i^itacluln after tor^on to the rmliu) 
'ondiUon. <fi, C. aftrr Burv. 1«95,> I. apwal aenve organ: 2. proorni lobe: 3. axocool: 
4, hy<iropore; S. hydroporle canal: G, atone canal; ?. hydrococl: 8, froiua(o<’oel; 0, mouth; 
10, esophagus: 11, stomach: 12. inteatmo: 13, anus: H. dorsal inesontory: 15, water ring: 
1G, primary tentacles (radial earials of definitive water- vascular system): 17. vestibule: 
IS, axial gland: 10. dorsal aac. 


most archaic echinoderms indicates that this connection with the surface 
wa« an oasential part of I he water- vascular system from the start. 

/ The potiia oht'ioiisly originate as side branches of the primary tenta- 
Aft highly motile and sensory structures, tentacles necessarily 
‘•ontain a nerve branch (hence the radial nerve) and further a haemal 
branch if the organism possesses a haemal system (hence the radial 
haemal channels). C-alcificalion in the wall of such tentacles would 
produce simple arms, perhaps like the brachioles of early echinoderms. 
The differentiation of a ciliated food groove along the inner surface of 
^he tentacles or brachioles appears secondary but no doubt followed 
rapidly. The calcification of the tentacles or brachioles does ixot permit 
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them to capture Jood aud convey it to the mouth after the usual maimer of 
tentacles and therefore some other method of food conveyance had to be 
adopted. Probably a key to echinoderm evolution is the tendency to 
excessive secret inn of ealcarcmis end ©skeleton. This is an advantage as 
nn armature against attack hut u di.sad vantage as regards locomotion 
and fofjU capture. In the later evolution of echinoderms the tendency 
to reduction of the .skeleton and to greater agility and flexibility is 
evident. The extinct IVlmntozoa were heavily provided with endo- 
.'skeleton, and perhaps that is the reason for their extinction; hut of 
course, had they lackixl eiidoskeleton they would not liave heen preserved 
as fos.Hils. 

'I'hc process of mctanu»rpfmhl?i seen in the development of all existing 
fvhintKlerm groups is a truly amazing phenomenon. It show.s ns that 
the original t'chiiUKlerrn must have lieon very <li(Tcront from those lliai we 
know today and that we ean scareely hope to unravel the lilstory of the 
phylum, li the «iriginul ancestor was in fact a Inlaferal organism like llic 
dijilenrnla. it wa.s hardly as yel an echiiUKlerni.^ It is therefore non- 
sensical to go hunting around among fossil H'hinoderms for something 
cMrrcs|it>riding to the di])lruruln. To become an eehinodenn the creature 
must take uu a si'ssMc* life ainl develop nn endoskcleton, ICmhryologicnl 
indical lolls favor attachment at the oral end. something not at all 
unusual in the larvae of sessile animals, for the M'liseorgaiis that determine 
a proiHT atta<hmeril place are h sated there. Atta<*hment )iy the oral 
end. however, may entail migration of the mouth, and cehiinnierm 
emhrvo)c»gy also supporl.*. the reidity of this cs'currence, wlieivas the anus 
seems to nuiinlaiii a more or less tix<Hl position. A loo pet) inte.stiiie with 
a])proximatiou of mouth and anus is also eh n rue t eristic of sessile uni mals. 
As their iiialnlity to move about renders them very o|x'n tobeitig devoured 
by other animals, ses.sile animals are prone to develop some sort of 
protective armor, either an exo- or an endwkelelon. us witness barnacles, 
eel opr nets, tirachlopcKls. and the like. They almost always also rerinire 
tenta<Tes or similar In sly projections as IcMKl-eaiching ilevices. as they are 
unable to pursue pn»y, and often in fad must employ a nuieus-eiliary 
metimd of feeding. It npjM'ais nec<*ssjiry to pictun* the early echinoderm 
as an altacdied animul wdth an endoskeloton <if numerous plahy.aiid one 
or more tenta cle- like proje<> tioiis containing a coelomie canal and nerve 
i'ord present near the niout h.^ p<i!e«it dy In two groups^ Members of tlw 
Ueterostclea would sirm loecmie the n<*tt rest to this If^mt helical naeestor-' 

There is no reason to doubt the generally accept ch I belief that the 
echinoderms came frcmi a bilateral ancesiorrto this the hilaterulity of 
larval stages Ileal's witness. The strange metamorjduisi.s iiiul ergon c h}’ 
the larvae .^eems to be a rt*cord. if an enigmatical one, of the change from 
the original bilaleval svmmetry to the rat I la I symmetry of the present 
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members of the phylum./ Embryology* indicates that the radial symmetry 
was achieved by the transformation of the preoral part into a stalk (later 
lost in elcuthcrozoans) and by a torsion whereby the original left side 
became the oral surface of the definitive echinmlerm and the onginul 
right side became the deli nit ive aboral Mirfacc. witli tin* degenevatiem 
of the more anterior struct ures of the right side and their concomitant 
overgrowth on the loft side, uhilt* po>tcnor structures of the two sides 
remained more or less c<pial. The rotation of the right side to an aboral 
position would deprive the anterior structures of the right side of any 
function or usefulness: hence their dt^eiieration is uiider.stamiahle and 
probably needs ii<i otlier explnnaliou. f Tlie st age s of cyohdioji are then : 
attachment at the oral eiul. rotation of the left si de to an ora l, the right 
side to an aboral posiTion, ilc*gener:itiou of the unteri<^ part of tlie right 
side, assumplion of ratlinl .symmetry, first by the oral surface. / Tlie fossil 
record suggests iTuU the radial sVinmeMy a as very iiui)c*rfecT nt (irst and 
otily gradually evolved t<i tlie peiiluiucrous' ec*n<lilion. ot eourse after tli(‘ 
loss of the right aulerior struct un's, iiu ludiiig the riglit group of tentacles 
i water-vascular system j. No satisfactory explanation is availal)k* as 
to wliy the remaining left water-vascular system evolvi*d in the diro<'tlon 
of the number live. 'I'heiv is fo'^sil evidence tlial tlie pciUamcri<' <'on- 
dition of 1 lie ambulacra derived from a triru<liale coialition fiy tlie forking 
of the lateral rays unci the trinidiale condition vva.s c*xplainecl l)y bather 
tsce above, page thMi^^Hnt «‘ml»ryology dcH's not support ihi.s story, 
although it may be iiolecl that tfie live IoIh's of the liydnH'ocd often do not 
form simultanc'ously, 'I’lie most nrcluiie echiiMslerm fossll.s were not 
radial but merely .sc^ssile. and pentnmcrisin seemingly cvolvc*d inde- 
pendently in several lines. binc*s generally start out with an ciuloskeleton 
of a large number of irregularly urruiigecl plates that gradually reduce lo 
a small number pcntanwrously dispos^*d. The number of arm-llke 
extensions or brucdiioles also ap|X‘nrs to have been variable at first. 
^Embryology clearly shows that the* blastopore is the original anus of 
die pliylnm. 'rhc> I'uc't that it doc.s n<»1 usually continue as tin* dclinilivc 
anus, which, however, generally arises near (he site of ehK<ure of tlie 
i)lastopt)re, is not of theoretieal import a nee. Notuldy a jirotonepliridium 
or any kind of a iiephridinm is lolally wanting In ecliiiKMlerm develop- 
ment; therefore cwhiruMlerm larvae eunnot Ik* allied to the froehophore. 
As animals wiili an eiitercKiKd, n blast otniral anus, and u want of a 
larval nephndium, the eehincKlerm.s arc elearly on a dillerent line of 
volution from tin* pliylu with u trcK'liophon*.'] Tin* me.scMlerm of eebino- 
dernis appears to l>e solely <»f the eiiloinescMh'rmal eutegory, although it 
is Usually given off in two stages, a preliminary mesenchymal stage and a 
later mesothelial i^tage, the c<M*U>mic sacs. However, apjiarcntly in 
many cases the ccadomie .sjies continue lo produce meseiiehyme for -some 
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time. The precocious production of entomesoderm in the form of 
mcsencJiyrae is cv-idently related to skeleton formation, at least in 
echinoids and ophiuroids. 

Because of the extensive fossil record available for the Pelmatozoa, 
one would anticipate that it would l)e easy to trace the origin of crinoids. 
In fact, however, crinoids cannot bo related to any of the known groups 
of noncriiioid Pclmatozoa. The reason for this is that the arms of 
crinoids are not homologous with the brachioles of the noncrinoid 
Pclmatozoa. Brachioles are simple projections supported by their own 
small endaskoletal pieces, whereas the endoskeletal support of thecrinoid 
arms, that is, the row of brachials, is directly continuous with the radial 
cycle of plates of the theca. The embryonic history of crinoids shows 
that they have evolved from a typical stalked pelmatozoan with a 
complete penlamcrous theca of three cycles of plates, infrabasals, basals, 
and deltoids, hence a theca of the dieyelic type. Deltoids and basals 
arc both interradial: the radials appear later, being interpolated into the 
calyx in the radial positions. Although the rudials are thus shown not 
to be original elements of the theca but rather the most proximal members 
of the row of arm brachials, their incorporation into the theca differs from 
the relation of brachioles to the theca and renders impossible any homol- 
ogy between bra<*hiolcs and arms, No explanation can be offered of the 
signilicanec of the vestibule in development. 

Crinoids have not given rise to any other group. Attempts have 
freciucntly been made to homologize (he ahoral apical skeletal system 
of newly metamorphosed asteroids, echinoids, and ophiuroids with the 
calyx plates of crinoids, In (he.*«e three groups (he original apical skeleton 
consists of a central piece encircled by a cycle of genital or interradial 
plates, folUnvcnl by a cycle of terminal plates, At fii*st sight these seem 
comparable to the ecritrodorsal. basal, and deltoid plates of the crinoid 
theca, but the homologj* cannot Ik* sustained because the genital and 
terminal cycles alternate, whereas the basal and deltoid cycles arc both 
interradial. 

No satisfactory conclusions can Ik* reached regarding the origin of 
the eleutherozoan classes from jM’lmntozoan ancestors. The holo- 
thurokls have left practically no fos.**!! rc*cord- They are primitive in 
letainiiig a single gonad in the original p<»sitiun and in preserving both 
the hydroporc and the gonopore also in tlicir original p<xsition, in inter- 
radius <’l). Their rndwkclelon may perhaps lx* rcganled as having 
remained In an embr3-ornc slate in the form of microscopic ossicles. On 
the other hand, the water- vascular system, taking with it the ectonoural 
nervous system, has sunk into the interior, as evidenced by the presence 
of an epineural canal to the outer side of each radial nerve. The holo- 
Ihuroids therefore came from ancestors with open amlmlacral grooses 
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that have closed over and come to lie to the inner side of the body wait 
(for the embryology of this process see page 185). ^developmental 
similarities with crinoids include the mTurrence in both of a doHoIaria 
larva, a vestibule, the rotation of the v(*stibule to the new anterior 
(original po.sterior) end, and the dire< t transformation of the larva into 
the juvenile. The significance of the doliolaria is <loul)tful, as in holo- 
thnroids it is preceded by the auricnlaria larva that does not resemble 
any larval type of crinoids but instead is similar to the bipin naria of 
asteroids, having a sirnion.s eiliat«»<l band following much the same pattern 
in both cases. lVol>ably the holoil>ur<»ids diverged from other cleulhero- 
^oans at a very early stage in their evolnlion and came from a common 
stem with crinoids. 

The otlier three clas.sos of Kleutlicro^oa. Asteroidea, )u'hin<)i<lca, and 
<)pUinvoid(>n, a]>]>arently have a common ancc^siry. because in all of tliem 
the Rume apical skeleton appears in llie alnjral or dorsal side of the larv^ 
namely, a central piece encircled by luo alternating cycles of plates'7^ 
which the members of the < niter or radial cycle bec<nne (he terminal plates 
of the ambulacra and cn) brace the terminal tentacle. All throe also 
possess spines. Uni contrary to the usual Indic'f <if a/dcrivation of 
ophinroids from nsteioi<l>. tin* emhryological evidence imlicutesun early 
divergence of astcroitbs from this line of ev<iluti<iii. wliercas ecdiinoids and 
ophiuroids have contiiiue<l b»r some di«.tanc(* ahmg a common ]>ath. To 
begin with, only asteroi<ls nltarh during mctamorplnisi.s. Whether this 
altachmimt is of ancestral signilicance or merely represents a newly 
aef|uired adaptation has been debat<*<l by embryologists without their 
reaching any deeision, but in coiiiunction with the retention of other 
pelmatozoan features may perha(>s bo regarded a.s palingenetic (for 
meaning see I, page* 27'Ji. At least the sucker of atta<'hment is similarly 
located in the larvae of asteroid and crinoids. Further asteroids arc the 
only elontherozoans that have retained an open ambulaeral groove, a 
feature that mu.st be regarded a.s primitive. They therefore lack e pi- 
neural radial canals, and the radial nerves and water canals liave remained 
to the external side of the ambulaeral os.slcles. The whole structure of 
thcii ambulacra and ass4x*int<'d parts r<*tain.s a pelmatozoan condition, 
<jxcept for the fact that potlia have develope<l ampullae and have taken 
on a lucomotory function. On the other hand, in both echingids and 
ophiuroids the ambulacra) canals and as.so<*iatcd parts have become 
enclosed into the interior, and in both groups this has happened in the 
same way, by the formation of epincural folds in the metamorphosing 
larva. Therefore both echinoids and ophiuroids have epi neural canals 
lo the outer side of the radial nerve cords. There cannot be any doubt 
^bat the formation and closure of the epineural folds in echinoid and 
ophiuroUl development repeats the ancestral occurrence of the closure 
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of the ambula<Tal grooves. Asteroids develop without the formation of 
a vcstilnile, a very proininent event in the embryology of echinoids; and ft 
seems that vestiges of a vestibule also occur in op hiu raids (page 642). 

) Further evidence of a closer relation of ophiuroids to oehinoids than 
to asteroids is seen in their larval type which is a pluteus, very like the 
(•{•hinoid pluteus but <iuite unlike the asteroid bipinnaria. It does not 
seem possible to neeouiit for the occurrence of a pluteus with similar 
skeletal rods in l>oth CThinoids aiul ophutroids except on the basis of some 
community of ancestry. , rinallyi in re<enl years workers in comparative 
biochemistry have piiKlu<'c*d Mriknig evuicnce in favor of this community 
yf aru'cstry, Bcrgmann 01)411 and in a letter) finds that all ophiuroids 
and cell inoid.s t (‘St c<l have stends of Ty|H* I. namely, cholesterol or some 
closely related eom pound (Fig. I(i2. left I . whereas numerous asteroids 
tested all fiave Type II sterols, that is, stellasterol or related compounds 
(Fig. I1L\ right ), The sterols of the three crinoids thus far tested belong 
to Type 1, although |M*rhaps a new variety, and those of holothurians 
classify as 'Kype 11. Further biochemical evidence supporting the close 
relalioiiship of e<’hinoids and ophiuroids concerns phosphagons or 
pho.^phorux carrieis. of great importanee in metabolic processes, Bald- 
witi anc] Y\ulkin (IDoOi and Florkin tlllo2) have point('<i out that crinoids, 
holothiiroids, and asterends have arginine as the phosphorus carrier, 
whereas men tine serves this fund ion in ophiurohl.s an<l echinoids (cchin- 
nids also have phusphoarginiiiei, Fhctsplux ieatine is also characteristic 
of vevtcf)rales: creatine in organisms results from the mothylation of 
glycocyamitie. and among echimKierms only ddiinoids and ophiuroids 
have the enzymes (methylasesi necessary for performing this reaction. 
The author is of the opinion that the closer relationship of ophiuroids to 
echitioids ralher than to asteroids, as n.sually supposed, is Jiot to be 
doubted, and therefore the union of asteroids and ophiuroids into one 
group is not admissible. Further, the arrangement recently adopted by 
pnlaeonlologists (e,g., I baghs, 11).)!^). aceording to which asteroids and 
ophiuroids derive from a common somasleroid (page 319) ancestor and 
hence are to be united into one class Stellasteroidea, must be somehow 


wrong. 

The foregoing discussion indicates that the sub phylum Kleulherozoa 
is an artificial concept, composed of classes that have originated from the 
Pelmatozoa along at leaxi two d life rent lines, lloluthuroidea and 
Asteroidoa are closer tocrinoids than are the other two classes, hut have 
only one feature in common, their larval type. If they do diverge from 
a common ancestry this occurrence mtisl have hap|>one<i very far in the 
past. Asteroids pr<»bably have a common stem with echinoids and 
ophiuroids, as indicated by the similarity of apical skeleton, but here, 
too, the divergence into asteroids on the one hand and echinoids and 
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ophiu raids on the other must have hoeri a very ancient occurrence^ 
Some students of fossil erhino<lerms think that the Eleutherozoa derive 
from the Edrioa^teroldea whereas others reje^'t this concept. The 
RdrioasteroUlea are the only IVlmalozcfca with open ambulacra! grooves 
provided with pmlia that passotl through pores lietwt'tni tlie ambulacral 
plates. This would seem to mean that the pjMlia were provided with 
ampullae; however, this group led an a(laelu*<l life with the oral surface 
upward and hence the po<lia could tuU have iM'en I<K omotory. Present 
knowledge of archaic asteroids tpage32l J <loes not suppf»rt the i<lea of an 
edrioasteroid aneestiy of asteroi^l.^. Tliere is a >lroiig tendeney in 
students of fossil echinoderms to <lerive the ecliiiioids fr<»m diplt>porici<* 
cystids. Although in fact the clijdopores su|MTliciully resemble the paired 
pmlial ])ores «>!' eehinoicls, ihcM* palacontohigisl.' M*em to forget that the 
diplopnres fin<l no relation to the ambulacral sy.slein, being the outer ends 
of canals in the lhe<*al plato, whereas in eefiiiMnds tlie pmlia pass through 
I lie pores. In diploporiles llie pcslia weiv monnUHl on the bnichiolos. 

A direct derivation of any eleiHhero/.oaii idass from a particular pelmn- 
tox.oan grou|> d(M*s not ap|H‘nr leasihle. riidoubtedly the Eleutherozoa 
<lerived from tlu' Pelmulozou hnl probably along several dilToront lines. 

The eonrse of evolution within the existing clas-ses is more or less 


evident. 'Phe e<imalulitls are <ibviou^«lv derivc^cl from stalk^l ancestors, 


as sheuvn by the o<>eniTeiiee of a |M*ntncrinf»Ml Mage in their ontogeny. 
In hnlotfiuriaiis ty|M*s like the deiulnM'Inrotes. with live detinitely delim- 
ited a III hit lac ra f)rovi<le<i with hKH»niotorv p^kIIu. pivsnmably represent 
the Imsic morphology, whereas th<KM* vvitli er<*eping soles and tlios(* with- 
out jiodia, onee e<uisidered the most primitive memhers, are of ilerivative 
nature. Pahieontologiial evidrtiee tpage indicates that among 

nsleroicU the Phanerozonia <K‘eupy tfic basie position uiid have given rise 
to the Spinnlosa aiul Korcipulutn. .Vinong eehinoids the irregular groups 
are elearly derived from the regular ur<*hiiis, as suffieiently shown by 
ontogenetic stages. In (jplnnroiils the [Cn rvalue have evolved from the 
l>phiurue, for the former pass through invcuiile ophinrous stages. The 
tendency in existing eehincKlenns to revert stH'ondarily to a more or less 
hiluteral condition is interi*sting. It Is shown in holothnrians and 
especially in the irregular eehin<»ids. 

|T*<>m pari son ol the organ systems in the existing t'chiiioderm classes 
^ay ho of some interest. The nervous system appears to be iu a rather 
I'm Mate of organization in most echiiuslerms. esptudally Kleutherozoa. 
'^lu'vc the main or ectoneural system is primitively in continuity with the 
•'Pidermis as still in a.steroids. also in erinoids. and lacks any morphological 
<'enter. (}\w wonders if the much belter deveU»pod entoneural system 
of erinoids with its central nervous mass may not have been more typical 
for (ho phylum originally. It seems quite likely that the nervous system 
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under went some degree of retrogression in correlation with the change 
from a bilateral to a, radial type of morphology.^ It may be recalled that 
some oc hi noderm larvae are provided with an apical nervous center which 
may originally have continued as some sort of brain. The ectoneural 
nerve ring is shown by physiological studies to act as a coordinating 
center in Eleutherozoa in general, although larking the appearance of a 
l)rain, mi)rphol<igi<*ally. 

The water-va scalar system is the most characteristic morphological 
feature of cchinoc terms, and the existence of a hydroporc even in the 
lletcrostclca iudicalos that the system was present practically from the 
start. The condition in crinoids may l>e taken to represent the original 
pattern of the system. On the oral surface are found the ciliated food 
grooves, typically five In numl>or, each underlain by a radial canal of 
the water* vascular •system that gives off side branches to become the 
hollow interiors of body- wall projections, the podia. The podia are 
simjdy foniaclcs that edge the fowl grooves and primarily have a food- 
catching function. Originally ochinoderms fvd on microscopic organisms 
and material by the mucus-ciliary method: the food cap tun'd by the 
podia was passed along the grooves to the mouth. It is probable that 
from the very start the food grooves were mounted on projections, and 
these projections, as suggested ah<ive. may have been simply elongatwi 
tentacles that developi'd side branches. J CUjsure of the food grooves with 
relegation of the accompanying water canal and nerve of the ectoneural 
system into the interior o<*eurred in the Elentherijzoa, apparently along 
two lines, the holothuroid line and the echinoid-ophiuroid line, whereas 
the asteroids retain the pelmatozoun condition of the open groove. It is 
clear that the Iwomotory function of the p<Klia in most Eleutherozoa 
is a si'condary adaptation, and apparently in the ophiuroids the podia 
have reverted to their original condition as small tentacular projections. 

In order to function as locomotory organs the podia have to be provided 
with ampxillae. for the contraction of (he ampullae furnishes the hydro- 
static pressure necessary for the operation of the pcxlia in locomotion. 
As soon as ampullae are twolved there is a necessity for the presence of 
ambulacral pores through the endoskeleton, by which the ampullae 
coimoct with the podia, altiumgh possibb' the ampullae were external or 
partly so at first. But it is clearly expedient that tlic.v should be pro- 
tected in the interior. The fact that no ambulacral pores exist m 
Pelmalosoa except Edrioastcroidea shows that, 'ampullae were absent 
except iti the latter. Ambulacral pores are characteristic of theElcutlicro- 
zoa; they typically occur between the ambulacral plates. The condition 
in echinoids in which the pores pass through the ambulacral plates is 
secondary, brouglit about by calcareous growth subcli\'iding the original 
pore, which in fact occurred at the edge of the plates. The closure of 
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the ambulacral groove and the assumption of a locomotory function by 
the podia necessitates the adoption of other modes of feeding, although 
the podia usually continue to pass foo<l to tl»c mouth when opportunity 
affords, ami reversion to a mueous-ciliary method of feeding is not 
uncommon. The delinitive stone canal arises by the end-to-end union 
of the larval hydvoponc canal witli the larval stone canal; theoretically, 
at least, the former originates from I he left axcM'oel, the latter from the 


left hydroemd. 

A complete theca of cUKM*ly tilting eiul<i>kelelal |)latos is characteristic 
of all the noneriinml Pelmutcwm. This U-gan 1o he hwt in orinoids, 
where the tliecft is parlinlly n^placiHl hy llie llexihle legmen, and is 
retained in Kleutheu»zoa only )»y the ecliiiM»i(i>. when* the luuulica)) ol its 
presem e is imrlly overcome hy the ailerali<»ii ol ihe jimliu Into locomotory 
organs. The general lencleiiey in the Klcaitherozcm t<Avard reduction 
and lightening of tin* emIoskeloK.n iiiclicaM*s that the disadvantages of 
ihc original complete ihecnl enchw-keleton outweigh its advantages. 

'“'I'lir clige tive tract exhihits considerahle lability throughout tiie 
phylum. Its typical slate is probably ihut sh<nvn in l*ig. 10. in whit'h 
mimth and anus hoih o|hui <iii the oral surface ar«l lln* digestive canal 
muki's u turn <lehnitely related lo the radial axes. Probably ft stomachic 
enlargement ^^as originally prescnl but has Im'cii losl in most presenl 
members.) 'I’he dige.xlive tnicl retains the lypic'ul form in liololhurians, 
whinoids; and criiioicls, exce|)t that in the lirsl two the anus bus moved 
lo the uboral jade, ullhongl) it may secondarily return to the oral surface 
ia irrcgulftr urchins. Palaec»ntt)l<igisi.^ M‘em lo have no Ideas concerning 
the anlecedenls of ibe lantern of Aristotle; I he curious fact nuvy bo 
recalled that il forms in sacs of cwlomic c»rigin. The digestive tract of 
UK toroids and ophiuroUU is much altered in corrclalitm with their stellate 
shape, being provided with u large stomach and a greatly reduced 
intestine or none at all. The pyloric caeca are uni<|ue to asteroids. 

^ The haemal system is well dcvelojxxl in hololhuroids and echinoids, 
Ic.ss well expressed in the other clus.s<*s. As the channels of this system 
are not definite vessels with deliiiite walls, the system may not be referred 
to as a vascular system, but rather as a lactinar system. The channels 
are best develojM'd in relation lo the digestive system and would seem to 
play a ciinsidevable role in the uptake and di-slributioj* of digested 
pi'oducts. The fluid contaiiKxl in the haemal system does not differ 
'•ssentially from the coeloroie Huid. A peetiliarily of the haemal system 

echinoderms is that most of the channels are ericUxsed inside tubular 
portioiis of the coelom. 'J These tubes of the cwlom are gouerally called 
in books the perihuemal system and thereby the reader is given the false 
iraprcKsinn that they conslilulc a sort of aeeossory circulatory system. 
1 his is entirely erroneous, except in the sense that all coelom ic spaces 
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< '« m t rj bii to some f h i i\g l o ci rcu la t i on , respi ra t i on , a nd excretl on . Th rough • 
out this book the so-called porihaemal canals are termed hyponeural 
<'anals because of their relation to the nervous system and to avoid 
unwarranted implications. The hyponeural system of canals appears 
functionally related to the nervous system, probably acting to cushion it 
against injury. But the enclosure of the haemal channels inside coclomie 
channels remains mysterious. 

Regarding the ecjually mysterious axial gland, the fiijdirigs from the 
literature are to the effect that it is the center of the haemal system, at 
least ill asteroids, echinoids, and ophiuroids (it will he recalled that an 
axial gland is wanting in holothuroids). ClX has the same histological 
construction as other parts of the haemal system. According to the 
analysis of Fcilotov (1024), the axial gland of the three groups mentioned 
consists of an oral and an aboral part. The oral part forms most of tho 
gland and is housed in the left part of the axial sinus dcriv'cd from the left 
axocoel. The aboral purl of the axial gland is well differentiated only 
in ophiuroids: in asteroids and o<4unoids it ia rciluced to the terminal 
process housed in the dorsal sac derived, acconling to Fedotov, from 
the right axocoel. JTho left part of the axial sinus represents what is 
usually called axial sinus in asteroids and is wanting in echinoids. Pul* 
sal ions have been observed in young asteroids, echinoids, and ophiuroids 
(demmill, MHO) in some part of the axial complex, (hie may surmise 
Unit perhaps the older oliservers were not as absurd as appears at hist 
siglit in culling the axial gland heart. It is pos.<ible that the echinoderms 
once had a better circulatory system than at present and that the axial 
gland is in fact the remnant of a heart. It is usual for a heart to be 
enclosed in a cocloraic cavity; this explains the enclosure of the axial 
gland in the axial sinus. CuCmot (1948) maintains that the axial complex 
of crinoids ia not homologous with that of eleutherozoans, hut the 
relations of the erinoid axial gland to their haemal system and of their 
axial sinus to other coelomic spaces seem about the same as in the 
Eleutherosoa. It is therefore reasonable to accept the identity of tlie 
axial complex in the two casc^^- 

The statement often seen that the gonad originates from the axial 
gland is definitely erroneous. The primordial germ cells arise from the 
wall of one of the coelomic compartments, mostly the left somatococl, 
in close proximity, it is true, with the axial complex. From the prcsonco 
of a single gonopore in Pelmatozoa it is deducxil that (here was originally 
a single gonad, opening in interradius (T>. This condition is retained in 
Holothuroidea, whereas in other Eleutherozoa the gonad grows around 
the undersurface of the aboral pole a$ a genital stolon that gives off 
gonadal primordla pent amorously^ 

I The coelom presents many 'dtmculties of understanding. It is very 
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perplexing to foUuw ihe i‘Tnbryonie hijslory of the three roelomic com- 
pdrtments^ and even to the present time this hiatory is not too ebar an<l 
definite. J^he part of the o(K‘lnm that puts out the h^'droporic canal 
to the surface is presumably the axr>ct>el, which also contributes to the 
eoelomic spaces housing the axial gland. The hydroeoel is easily recog' 
nized by its lobulations that lie<*ome the radial water canals and the 
primary tentacles, but often .seems indelinitely sepuratwl from theaxocoel. 
The proximal ]mri of the dehnitive stone eanai appears of hydrococlie 
origin; this unit<‘s end to end with the liydroporic eanai to form the 
ultimate stone eanalj The >.ignilieunee of this double origin of the stone 
canal is not evident. Neither is it clear why tin* stone eanai is typioally 
bound in the same mi^setilery wifli llie axial gland, unless this Is the 
result of mere proximity dtiring ctn bryology. fThe right somatoeocl 
becomes the a bora I {vphfttafnei purl ol the main coelom of the adult 
without much eomplicatioi^ nml the left somnUK'Ot'l beeomes the oral 
ikypoyasiric) part of the main e<M*)om. but is juvoIvikI in many eompli- 
calionsD The m<».st imp<krtanl and constant of these conipli<^atiuns is 
the output from tin* left somulociM*! of pr<M*esAes that become the hypo- 
neural s.vHtcm of aiinises- \Vl»y the jiervoUf^ system must l>« accompanied 
by eoelotnie ehnnncU is one of the muiiy mysterie.s of ee hi noderm organl- 
SRtion, The epinenral system of channels is not ccK*lomie but. represents 
sti evagi nation trom the external world and is a phy1<igenetic record of 
the closure of the ambulucnd grooves in holothuroids, eehiiioids, and 
op^roids. 

^\Ve lh(ai plu<T the eehincHleiTns among invertebrates as iionscgmcnted 
culeroc(H‘lous c<Mdomat('s with a iri|uirted tor possibly only di parted) 
coelom without any Ixsly divisions corresponding to the coelomic 
•I i visions. 
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Arrhofler. 288, 201, 202, 329, 320 
ArcliHstcridno. 320 
Arrhcg^naitUr. 31$, 310 
d^rAcwrin/tf, $$, 91 
Ar<d)il>etit1i.'il cchinoderma, Asteroids, 
102-400 

crinokls, 112-1 13 
celuikoids, 577-580 
holotliuroicla, 233-230 
ophiiiroids, G7S-G82 
Arolio echinoderms, asteroids. 390*392 
crinoids, 113 
eeiiihoids, 37.3-370 
bolotIuiruidK, 233 
ophiurouls, 074-075, 079 
Arigtory/itUcs, 14, 20 
Anns (brae Ilia), criiioids, 38, 40 44. 46, 

47 

Arthru«ier, 32 1 

Arthropod associates, asteroids, 410-411 
crinoids, U 7-119, 120-188 
echiDoids, 586-588 
holothuroids, 243 


AHliropod associates, ophiuroids, 084- 
687 

Articulata, 9, 99-100 
Ascot boraciea (see Barnacle parasites) 
Asexual reproduction, asteroids, 310-313 
holothuroids, 202, 207 
ophiuroids, 613, 642-643, 655, 6G9 
Aspidochirota, 9, 124, 130, 134, 130, 150, 
153, 154, 162, ICG, 101-194,202, 203. 
205, 237 
Aspidofrinus. 36 
AspifMiademQ, 519 
Aspidodiadematidae, 431, 465, 61$, 510, 
578 

AspiJophiura, 052 
Asteraeauihionf 349 
Asirracanthium, 349 

A^enn*. 262, 269, 263, 265, 277, 278, 279, 
28:h 26$, 288, 269 *291, 297, 3U0, 301, 
305, 308, 314, 316. 340-349, 351, 354, 
356. 359, 363, 369, $70. 372-374, 
377, 378, 383-336, 388, 4 1 1, 412 
.Isleriidae, 249, 254, 258, 260, 261, 27(1, 
281, 294, 343-349, 397 
.Vslenimic, 340-340 
A Men mi, 886-288, 291, 292, 296 2911, 

301, 303. 312-314, 336. 349. 351, 

354, 350, 359, 303 
Aaleriiiidae, 313, 336-.337, 347, 385 
AiUeroUusilug, 23, 27 
■ \gtrfx>cera$, 083 
AKirrettUcua, 332, 334, 341 
Asteroidca, 245-412 

aplieiulasM, 202-208 

behavior, 349-374 
biological relations, 40G-412 
IkxIv wall, 253-254 
chissidcation, 13-15 
coelom, 275-270 
Jermilioo. 245 

digestive system, 27G-288, 284 
distribution, 389-40C 
embryology*, 295-310 
cndo^clctoo, 254-2G2 
external characters, 247-253 
haemal system, 285-287 
muscular system, 2G8-279 
nervous system, 270-272 
phylogeny, G99-701 
physiology, 374-389 
reproduetioft, 287-297 
sense organs, 272-275 
systematic account, 317-349 
water-vascular system, 274, 281-284 
A$feromttr^, 114 
Agl^rcm^rpha, C85, G86 
.Ast crony chidae, 654 
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Aiierow, 69€, 698, 654, Wil. 678. 

6S1, 684, 6$7 
AtUrope, 292, 334, 341 
Asteropidftf, 334, 341, 404 

593, 698, 621, 654, f‘8U 
Asterospheniatidjn*, 054 053 
S44(> 

.{nthtnoioma, 428, 429. 461, 401, «585 
Aatricfypeus, 557, 571 
Ufroreraa, 043, 055 
Atilr^chclda, 081 
A/tfrvckan>i, 643, 1^5 4, 0,55, ('*85 
Antrorhflf, liWl 
A»ilrnchtomi/M, 623, 027 
0.')5 

.l«frod^<j, 680 
Atilroyt/mnotfi, 043, 055 
Aiilrftmfti'ey 340, 340, 351. 371, 375 

A^ilrop^fteu. 266, 261. 283, 208. 269, 273, 
275, 2K:;, 286, 287, 291, 296. 296. 
297, 301, 302, 30:J. 304, 306, 311, 

324 320, 319, 351, 351, 35*n 3r»9. 

363, 309, 370, 371, 377. 378, 3H.1. 
385, 388, nil, 407, 4IM 

250, 202. 2tiK. 277, 287, 
293, 323, 324, 325, MKl 
0,52, 863 

Aetrotih^lon. 595, 808. <*I3, 055 
Atilrof;</rt>'i, 646, 055 
Aiiffopuu**- 436, 157. 460, 620, 521 
AKlrofOtlf', 3 9* 

,U/rp/Au»tn*(«, 055 
.lU’locriniduf', 95 
.IWrrrtHiM, 53, 68, 95 
AllMfillo Count of Norih Anurirn, 
unleroi<i8, 392 
(TiimidH, 1 12 
YM'liinoiiln, 572 573 
Kolotliuroidn, 232 
(iphiuroiiln, 073 
.Uupm'rc'/iKn, 95 
.1 509, 519, 512, 814 

.AmIocIoiiI, 465, 469 
,\iilodoMtu, 19, 517 522 
AurM'k, 4 10, 461 

Aurlculurki, IKt, 190, 193, 197, :«I0, 0V3 
Am st ml in, unUTokla, 391 
rrliitioidn, 571 

lkolotli*iroi<U, 2,19 
ophuiroidn, 075 
A»'‘l'o<'idiirta, 481, 484, r)7<> 

.lulotomy, nnli’ruida, 31 1-317 
crihoulK, 108 l(J9 
holothuroids, 205, 210 
opliiuroidfl, 043-044 
AxM>, anirroida, 253 
rrinoUls, 40 

M'hmoids, 417, 453, 454, $02-505 


Axes, hdothuruidd. 130 
.Axial gland, 704 
asteroids, 275, 283-285, 289 
crinoids, $4. 67 

•Hrhiooids. 470, 472 *470, 502, 568 
hololhuroids, 109-170 
opliiuroids, Oil. 816, 818-020, 030 
Axial sinus, aateroida, 275, 28^^ 285 
criiiokls, 03*05 
orhin«ids. 473, 592 
opMuronK <>ll, 618, 818 029, o;io 
\\dlarv, 57 

Wm oel. 70, 78, IH2, :m. 493, 092, Ii93 

BariiaHc pamsito*.. astcroida, 409, >19 
criiioids, 1 18 

(H'liinwida, 587 
ophitiroids. OKO 

linnkel stars (lorutHiocophaUdaei 
UalliytTiiudn«*. 97, 98 

59, 54, 93, 97. 98, 1 13 
178, 192, 194. 203 

Itii/hvtuHtf, 122 
llatyl nlrobol, 219. 381 
ll6*4M**d<“in<'r, 2^18 
iVliuvior, anlrruida, 319 374 
I'riiioids. lOf) 1 98 

4*idiinf»Uls, 548 $58 
lioli»iKur<*ids, 207 218 
ophiMn>i<ls. 057 lUiO 
Hritihiitirr, 297 
Hrttihoiyict, 133, 10 1 
H<"thopfcUft, 326, 320 
licn(hM|>cclinidoo. 270, 326 329, 3$1, 
402 4o:i 

Ud>lKricraphy. .Astoroidsa, 725*- 7 32 
CnnoidcB, 713-710 
li^’hmoidea, 732-741 
Jti*nr*nil. 706-712 
liistorM'al, 7(MV 
Holotlniruidpa, 716-726 
nuik('rin<»id INdmatosoa, 712-713 
OphioctalioHloA, 745-740 
Opliiiiroidra, 741-745 
biological relations, asteroids, 490-412 
cricioida, 115-110 
ccliiuoula, 581-5H0 
hololliuroklH, 2^10-244 
opliiuroids, 682 *080 
Bipirinaria, 3U9 302, 304, 3li9, 099 
Bi|K>larj1y, 401 
Biscrial arms, 57 
Blvium, asteroids. 240 
c'chinoids, 410, 455 

holollmroids, 128 

Blastoidoa, 7, 8, 24. 28-32 
Bkutotdoermus, 24 
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oclunojUs, 430 
l^olollmrokls, 132-135 
0 |)hjijroid«, 59D-001 

10, 507 5«), 513, 680 
BoiliritHKhtroidn, 10 
Hourrclo^ 452 
BoiirKnetimnicInf, 07 
iio>ittji>i-licrinu9, 93, !>7 
llruoliia, 3S, 40-45, 47 
Bruchi.iJa, 57, 59 
Braohiolaria, 300, Mi], 31W, 308 
Bi'iirhiyk*, 10, 17 

liMMcliin* lyjK*#, fHnokls, 41, »2, 45 
BrcodifiR habits, aatrrokU. 288-207 
vrinoids, 71-75 
ochinoids, 480 48:1 
hoIuthuroidH, 175-181 
ophiuroida, 625 6:il 
firey/iw. 54:l, 545, 648 
IhisiiAtrr, 645, 64? 

Dri^inffo, 251, 287, :i4u, $63 
f^riii'nifoatcr. 287, 340 
firighti/cfir), 287, 340 
Unsinjjiilac, 247, 2411, 251, 262. 2f>7 289 
287, :i 10, 405 
UrisBiducs 647, 518 
lirhsopaU, Ki7, 547, 518, 549. 556 
BruKui, 407, 479, 518, 649 
liroorliiiK, asteroids, 202-207 
rrinoiils, 73-73 

cchiiioids, 470, 48:M87, 505, ,570 
holoihoroids, 170, 178, 181, 134, 188, 
187 

ophmroids, 027-631, 6:10 
Brown bodios, 147. 130 
Burrowing, asteroids, 378 379 
cchiiioida, 555-557 
holnthurouU, 200 
ophiuroids, 660 

Bursa, 5»5, 614-617, 621, 622, 027 


Cacnocciiirolu*, 686 588 
CiienopcftiHO, 519 
Cake urchins (see Clyprastroido) 
Catamocrinui, 37, S:h 100 
Cairn reous ring, 138-140, 152 
(‘alliiieruia, :132 
CaUocystiles, 21, 27 
Calfcnosoiuti. .513, 616, 587 
Cali/nine, 540, 579 
Calymnidao, 540, 579 
Cobjplraslcr, 297 
Calyx, 37, ;J8, 53-56 
CaitiAr^rinus, 30 
Csmarodont, 465, 469 


CanurodonU, 12, 524-531 
Camera U, 9, 53, 88-91 
CopilfotUr^ 94 
Caroput, 243-244, 411 
Carinais, 256 
Conieptfh, 29, 34 
Carolenoi^, 381 
asteroids, 381 
eehinoids, 563 
holothuroids, 218 -2(9 
opliiiiroidfi, 006 

Car|>cnier system of naming rays, 8, 40, 
249, 453, 504, 611 
('arpeHlfrocnnu)i, *J7 
Carjioiden, 17 
Carp^nnites, 14, 18, 20, 27 
CaryoepMtUi, 27 
Cassidulidae, 53:1 

Caasiduloida, 13, 405, 485, 532, 533, 634 
Ca*siduit4», 533, 533 
Caudina, 139, 1 41, U6, 151, 170, 173, 1 76, 
lt)7, 207, 243 
Cen^crinuM, 38, 92 
Ceiiircchinoicla, 13 
CcntncfiiHU*. 521 
Cciitroclorsn], 38. 55 
Cenffoalcp/uiuus, 436, 438. 444, 471, 521, 
550-552, 557, 558 
Ctratncaier, 332, 933, 401 
CkaHodiadftw, 457. 52 ( 

Chambered organ, 81, 84, 05, 80 
ChnritomotrkJao, 95 
CA<i>os£fr, 329 
Cheiroerinus, 27 

Chemical composition, asteroids, :1SI -382 
crinoids, 50 
ccliiQoids, 428, 5G2-50:t 
holothuroids, 218-219 
ophiMroids, 000 

Chemieats, response to, asteroids, 

308 

eehinoids, 552-553 
holothuroids, 217-218 
ophiuroids, 661-662 
Cfiiniano$/er, 818, 219 
Chin'd^, 136, 137, 149, 175, 18!, 185, 

200, 310, 220, 240, 243 
Chirklotidae, 200 
Ckitonpstfr, 329, 332 
Cholesterol, 381, 382, 563, 6C6, 700 
Cidaridae, 517. 520 

Cidori». 426, 428, 429. 482, 433, 464, 41)3, 
517, 585 

Cidaroidea. 10, 415, 418, 424, 428-430, 

432, 434. 445-447, 468, 483-485, 492, 
515-51 «, 370-574 , 576, 577, 584, 585 
Ciliary curreats, asteroids, 372, 374-375 
crinoids, 107 


Body wall, nsteioi<ls, 25:1-254 
crimuds, 46-47, 49, 52 
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Ciliary curreoU, echiiioiUa, 602 
ophiuroids, 590, 666 
Ciliated, aateroida, 406 
crinoida, 115 
ecbinoida, 582-563 
holothuroida, 230 
ophiuroids, 082-683 

Circulatx>ry tytitm (see Haemal system) 

Cirrals, 51 

Cirri, 36, 38, 51-64 

Chiast Oust ion, C*U> 

Clavulrs, 421, 438, 446 
Clo^a, 100, 222 221 
ClypM^Ur. 420, 422, 423, 131, 442, 440, 
466, 466, 469, 535, m. oKl 
ClypciHtcridao, 421, 46*2, 

( lypoahtroida, 13. 411), 420 422, VMt. 

436, 440, 452, 453, 402, 106, 40ft, 470, 
533-530, 571)- 575, 570 
Cnemifioilfr, 343 
<'iida$ler. 24, :t0 
Coelom, 5, 002 003, 7lH 705 
asteroids, 275-270 
crinoida, 63-65 

i*ohir»oi<K 450, 401, 462. 464. 466 
UoIothuroUU, 144 117 
ophiuroids, 0I7'010 
(‘oelotnio flu ill, asleroida, 38ii, 3H4 
ei’hinoida. 5(Ul *505 

holotlmrouU, 220 221 
Coolomo<^ytos, o«ler<ii<U, 270. 387. 388 
crihoidtf, 61. 64, 05, 110 
ediiriukU, 450, 460, 401, 462, 504 508 
holotliiiroidx, 147 150, HW 
ophiuroids, 616 010. 0(>7 
('•ifloylfuruit, 420, 432, .*>21 
('ohl^rentralus, 421, 120, 427. 436. .V20. 
681 

<'olo1iometridue, 01 
CofohiruB, 10 1 

Color change, cchinoids, 557-558 
<'ohirH, asteroids, 253, 381 
crinoids, 40 

or hi no ids, 122-423, 502*663 
hniothumids, 13<), 132, 218 

ophiuroids, 60U, 006 
CN)luninnlH, 50 *51 
('o’HUHtKinH, 43 

73, 1)4, 118, 088 
('oiiunskr. 41, !)4 

Comnsteridac, 39, 10. 44, 07, 01. 101- 102, 
107-108, I IS 
ComuMlii, 94 
ComotuUj, 42, 47, ‘>1, 687 
Corriululidu, 55, 57, 58, 94-97, 10I-1U8, 
111-112, 687, 701 
Cotni$iia, 04 


Commensals, asteroids, 406-41 1 
eriooids, 115-119 
cehinoids, 582-588 
holothiiroids, 239-244 
ophiuroids, 682*689 
Com ptomflra, 87 
Conjugate pores, 452 
ConochduB. 655 
Coopfnditfut, 29, 34 
Coj)epod parasites asteroids, 409, 410 
erinouls. 116, 118 

eidiiiioids, 586-587 
hol<>l huroitls, 243 
ophiuroids, 084 086 
Coronn, 4 16 
<'orofia9Ur, 346 

Co«riA«r*(<riVTs, 310, 346, 351, 364, 371, 
397. 411 

(?OM'inuslcritiae, 345 346 
CMhurHOCgBttB, 12, 19 
Crultt, on erlnuula, 1 17 
on cn’hinoids, 587*688 
on hoU»thuroid», 243 
VruUrohriBiiii/a, 287. 340 
Creatine. 700 

('nliellona, 15, 251, 2«i8. 320, 322-325 
OiUriforin organs, 251 2<>1, 267, 322, 
32.*), 382 

CrinoUlea, 34-119 
hehavior, lOI) 108 
Uiulugical rehilMiia, 115-119 
IxKiy wail, 40 47 
chisailication, 7-9 
eoelom, &*i *65 
deli nit ton, 34 

digestive system, 66, 68-70 
(listrihution, 111-115 
einbryoic^y, 72, 75-87 
cndoskeleton, 48*61 
external eharactera, 36-46 
haemal system, 70-71 
muaeular system, 60 
nervous system, 61-63, 103-104 
phylogeiiy, 698 
physiology. 108 
reprodiirtioii, 69, 71-75 
sense organs, 63 
systematie account, 87 - 1 CH) 
water* vascular system, 66 08 
CroMBicr. 246, 249, 250, 2t)7, 2!)9, 338, 
351, 354. :169, 412 
Crown, 30, 38 

('rustaccan associates, asteroids. 410 
criiioids, 117- U9 
eehinoida, 586-588 
holothuroids, 243 
ophiuroids, G84-687 
Crffpta»leriQ4, 293, 349 
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Cli n'fcidurii. I8;J, 485, 517, 570 
Clftiocritius, 33 

t /cnod,^, 1..^, 346, 240, 253, 267, 204, 328, 
325, 349, 372. 382, 390-391, 401, 
402, 412 

CtcnojiKorps, on nateroids, 407 
un cchinoids, 583 
('lutopleurti, 287 

rucumaria. !20, 122, 124, I2<>, 132, 134, 
137, 141. 147, 149, 161, 102, 166. 
168, 100, 171, 173, 173, 176. 178, 

181, 18;i, 186. 187, 191, 201, 202, 
207, 910, 211, 215, 219, 224, 226, 237, 
239, 241 • * . 

Cucumariidop, 19i 

ruhUu. 248, 249, 202, 871. 277, 280. 286. 

292, 332, 334, 1403. 411 
CUnihion stura (f>ee lUrrastfr: 
uatcridftc) 

Ouviftrian tubulM, 103, 100, 178, 237- 
238 

('tfat/ioet/Miit, 29, 81. 34 
Ci/rcihra, 330, 400 
Cyrlocrinidn, 98-HKJ 
Cj/^lntfcr, 29. 34 
(•Vstidoa, 7, 6, 14. 1$ 27 
C.'yatidean crinoicU. 80-82 

{'l/8toh{(J9iti8, 8, 27 


Ddinition. natcroida. 245 
crinoida, 34 
echirioida, 413 
holotburoicla, I2l 
ophluroiiU, 560 
Deima. 124, 130. 181, 104, 241 
Deltoid plates. 38, 58, 81, 62, 85, 99. 100 
Dcmiplatc, 447 
Demoennut, 97, 08 

Drndrftsler. 434, 478, 481, 687, 539, 356 
584 

Dcndrochirota, 9, 124, 130, 132, 134, HO, 
150, 153, 154, 162, 176, 188-191,908, 
205, 211, 236, 70i 
DendrocijfUiff, ll. 19 
Dcntnl sac, 450, 494 
OfrtiuisUriai, 334, 336, 944. 349, 380 
Deuterostomia, 2 

Difidcnm, 422, 428. 424, 436, 442, 464, 
457, 460, 461, 480, 481, 489, 521,552. 
553, 557, 558, 503, 565, 582-585 
Dindcmatidae, 445, 457, 465, 460, 521- 
522, 557, 570-573, 581. 587 
Diudematoida, 13 
Dieyclic calyx, 53 
Digestion, asteroids, 384-387 
crinoids, 107 
echiooids, 565-567 


Digestion. Iiolothuroids, 226-228 
ophiuroids, 667 
Digestive system, 5-6, 703 
asteroids, 276-262, 984 
eriDoids, 66, 68-70 

echinoids, 461-469, 4T1, 472. 476, 476 

484 

holothuroids, 158-162, 164. 165, 166 
170. 177, 179. 180 
ophiuroids, 614, 616 
Dipi<uterht, 293, 340 
Dipicuruta, 691-696. 696 
Diplopores, 18. 22, 23 
Diploporita. 7, 22, 27, 701 
OipfopUrafUr, 297, 339, 340, 397 
DifuacasJfr, 287, 327 
Oi9tofQ$itria4, 3^ 

Distribution, asteroids, 380-466 
crinoids, ll-IH 
echinoids, 5C9-58J 
holothuroids, 230-2^16 
ophiuroids. 668-682 
Division series, 02 

DoHoUria, 74, 77, 78, 188, 198, 196, 690 
Dorsal cup, 38 
Dorsal reflex, 361, 662 
Dorsal aac, 285, 287, 969. 303, 387, 502, 
704 

Oytatirr, 327 


Kttstern tropical Atlantic, asteroids, 307 
echinoids, 575 
ophiuroids, 072 

EchiHaraehniu9, 438, 434, 452, 475. 505, 
697, 539. 556. 564 

Behina9Ur, 946. 978. 291. 297, 299, 314, 
816, 337. 351, 354, 303, 385 
Echinasteridae. 249. 254, 276, 281, 337- 
338. 348. 385 

Bchioidae, 465. 528, 570, 574, 575 
Echinobrissidao. 533 
Echin4f€ardium, 426, 439, 442. 471> 478, 
481, 483, 487, 493, 505. 543, 545, 

546, 555. 556, 580. 581, 583-585, 587, 
676 

Echinochrome, 562-563 
Behinctucumit, 101 
Eckinocjfamus, 460, 479, 493, 505, 634, 
636. 562 

Echinoderinala. characters, 3 
class! Bcation, 6-16 
defloUioQ, 3 
historical. 1 
phylogcoy, 601-705 
Bckinodiscut. 688. 530, 688 
Bckinoenfriniie9f 77 
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Echitioidea, 413~58'J 
Appendages, 424-443 
behavior, 548-358 
biological relations, 58 1 “588 
body wall, 430 
claasifieatiun, 10“ 1 3 

coelom, 459-461 
deUiiitioh, 413 

digcHtlve svKlem, 4(11 469, 471, 472, 
476, 476, 484 
dhlribiilKHi, .'rtlK .')8l 
cinbryoloKy, 180 5lJ0 
nitboki'IclMn, \ 13 155 
exlornai (4iurn<’ti’r«, 115 121 
haemal aysti'in, 17 1 177, 479, 482 
muaculur sy?item, 417 
ncrvukac ay tern, 4 .'j 5 157, 480, 482 
pbylogony, 61M» 7(11 
phyxiology, 558 5011 
tepriHhiClioii. 177 187 
Hcnso organa, 137, I.W, 480 
Hysiemalic Hvnmnl, 5l»0 31^* 
WiUer-vna<‘ulrtr ayaU'in, I OH 1 73 
l> 1 1 i no la ti I pad i<l at >, .5^{3 
H<hinolutiiy<iM, 632 

Hr hi no Iff f Ini. 461, 4^ h 1 HI, 627, 52* K 630. 
580, .58:1, 387 

i ;clmminetridae, I2l, I2H. 103. 320- .531. 

832, 570* .572, 5H;1 
l*>hingnci<lne, .5:11 333 
Hrhniou.o^, 448, 690, 5 : 11 , a:i:i, 572. 5Ho 
l'^hinoplu(cu», 188, 11(0 183. 496, 623 
Hrhinotigrn. 416, 121 
515 

Hrkinogphaeri/fg. 14, 2(1, 25, 27 
Hrhinoglrfpkiis, 520, .532. 519, .550 
KrhiHolkru, 620, 522, 588 
h>lti(tothMriKlno, 422, 431. 432, 134, 430, 
445 147. 408, 510, 512-5111, 618, 570, 
578, 581, 587 

KrhinuH. 424, 145, 448, 463, 468, 472, 478, 
479 181. 486, 487, 49:1, 495, 627, .528, 
5.50, 551, 5.5 1, 562, .565, 507, 3(W. 581, 
.582, 584, 385, 587 
iCchitiMs nidinicdt, 196 499 
luology, asteroids, 319 *374, 380 112 
crihoida, 100 HIS, Ml -1 19 
ccliinoida, 548-558, 569-588 
bolothurolds, 207-218, 2:10-24 I 
opblnroiila, 6.57 (506, 068-689 
Hrlincckinfis, 509, .512, 616 
I' ctoiH'iirAl nervous svslem, 4, 701 
asteroids, 270 272 
crinoiiU, 62 
cchinoida, 4:i8, 455 
bftlolburoids, 1.12 
"phiuroids, 609 
H'lrioiisier, 31, 34 


lulrioaaleroUlea, 9, IT, 29, 31-3.4, 701, 

702 

i:iaaipo<la, 9, 122, 124, 128, 130, 132, 183, 
134. I37-I:19, M2, 150, 162 1.54, 160, 
167, 1!M 11(7, 203, 235 2:10 
Eli uthrrorrtiiug, 26. 32 
Kleulhemaoa, 9, 119 121, 69K 609, 7(KI 

703 

Elpulia, 121. 133, 191 
i:i|Mdiidne, 114 

lCin1»r>olsjg> , usivrcad>, 20*5 3 HI 
72, 74 h7 
(s.liirinUU, 1S<1 .5(Hi 
liolntliuroMs, 1 81 169, 190, 193, 196, 
199 

(•pitmrtials, (i28, (i:lO ill2 
Enrope, 429. 134, 439. 636, .>39, 574, 588 

l*!li<ln<’V« Ih* <Hge>1n'(* avatc^m, 66, 08 
I.imUh'VvIic test, 4 10 
Kiidovyrlx a, 10, .510 .5:11 
l’4id(Hkel(4o(i, 4 
ualeriHfh, 2<51 202 

eiiiKiiiU, |8 61 

tH'bmiMiN, 1 1:1 1.55 
MpliHiniaN, 601 60.5, 608 
EM'io/ornnHg, 41 
l .ulercxHMda, 2, 692 
21 1. 242 

EftOtrtiiit/, 211, 244 
EntiK^inrka, 'ill. 242 
Kiiloineawlerni. OOT 
Ivnloneural nervaiix ayalem, 5, 702 
nsteroaU, 202 
rrinciftda, 62 
echinoids. 457 
opbiurubis. 61 1 
240 

En^puitlfg, HMj, 197 
Eothuriii, 202, 500, 613. 614, 689 
ICpaulelles. 489, 40:i 
ICpineural 4vl<N, 494, 497, 408. 499. 634. 
690 

ICpincural sinus, 140, 185, 4.5.5, 4.57, 494, 
034, 698, 009, 705 
Epii)ro<'ta1 cone, 250 
K|uaygnl, 58 
Rrrmtc^gtrr, 322, 40:i 
Ktlimolytk apical system, 4 49 
btlimopbrnel apical system, 440 
Euap(a, 126. I II, 198 
]uibinstoi«1<ai, 27 
Buriiinrin, 416, 433, 460, 517 
BucieMiio, 689 
KiitliotTinidae, 94 

KyphroniHft, 122, 124, 127, 104, 203 
EupHrifuSf 241 
^Nrelosfer, 297 
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Eui 01500 D ocliinodcrms, astoroUU, 302- 
303 

crinonU, 1 12 
echiixouU, 57 J 375 
holotliurokls^ 232 -2:i3 
ophhirokU, <i73-674, iiTii 
Kurynlno. !5, 595, (il3, $16, 954 057. 001. 

679 OS I , r>87, 701 
b'vofi/frias, 291, 340, :U8, 3-19, 36$ 
Krerhinus. 34U, 572, 581 
Kvisrorolnm, liolrXlikinikls. 202 205 
Exorolion, uslcrokls, 387‘;i89 
crinouU, KIS 
^chinoiiU, r>1iS -5i)9 
liololhurnkls, 228 229 
ophiuruicU, 0<>7 

ICxooyclif sysU'm, 66, 68, 94 

ExocycOic 449 
Exocydicn, 13. 53 J 548 
I'AtcrnftI ehftrAcirrs, 3 
asCmich, 217-253 
rrinoulM, 36-46 
ochirioitU, 415-424 
holothurokls, 122 132 
ophiurokla, 591 -5^K> 


tWioIoK, 421, 430 
Fmling, rtJitrroiils, 3611 372, 384 
oriiinkU, 100-108 
crhinokLt, .553, 555" 557 
holothuroia^, 211-212 

Aphnirokls, lUlO i>02 
Fibuhrin. 494, 487, 

Fibubriulap, ,5;16 
Firro^fcr, 243 244, IN 
Fission («rr Asoxiinl rcproduftion) 
Floxihllm, 7, 87-89 
Float, 36, 30 
Fhrf>mr(rfi. 73, 97, 113 
FlowoUo, 452. 632 
Food, nstrrokis, 309-372 
crinoids, iCHi 
echinoids, 5.’)3-557 
hololluiroids, 211-212 
ophiuroids, 600-002 

Food grooves, 17 
ForbfKiocriniiM, 88 

forcipulntn, 1.5, 24U, 251, 253, 250, 258. 

260, 263. 204, 292, 340-349, 701 
Fossil Asteroids, 317-322 
Fossil crinoiris, 87-94, 97, 1>8 
Fossil eehinoiils. 507-514 
Fossil holollniroida, 200, 202 
Freye/la. 248, 251. 340 
Frtyfilasffr, 287, 340 
Fromia, 288, 201, 334 


GalA|>ago8 (ttc Panamic regioi> 

Galls, asteroids, 408 
erinoids, 116-117 
echiootds, 585, 686. 587 
ophiuroids, 683 
Ganerin, 330 

Oancriidac, 336, 399, 400 
Gas/tfr<Mr>Aon, 241, 244 
Oasiropods, on asteroids, 408-410 
on crinoids, 116, 117 
on echiiioids, 585-586 
on hoJothuroids, 240-242, 244 
on ophiuroids, G84 
Gcotaxis, asteroids, 359 
cchinoids, 553, 561 
holoihuroids, 200, 215-216 
Gcpkt/rorrinus. 100 
Gephyrolhuria, 107, 206 
Gill cut, 446 

Gills, eehinouls, 415, 436, 443 
Gtypforuhrn, 524 
Giyptof^y^tites, $, 27 
Glypio8pM<icriU6, 28, 27 
GomphoryidfeK, 27 

GoniasleHdAe, 287. 3211- 383, 886, 887, 
4U3-405 

GonioriHarit, 426. 429, 484, 517 
GontoperU n, 325 
GonbiM'ctiniclae, 268, 928, 325 
Gorgonocrphalidae, i^ll, 694, 597, 055 
050, COl 

GorposocepAd/us, 694, 505, 600, 013, $16, 
017, 021, 655, 666, 08U, 684, 687 
Gr<fi»as/<r, 203, 294, 349 
Gravity (see Geotaxis) 

Grrgarines, cchinoids, .583 
holothtirokls, 239 
Growth, asteroids, 411-412 
eeliinoids, 568 
holothuroids, 237 
ophiurokls, 088-680 
Gymnasteridac, 334 


Hncmal system, 5, 703-704 
asteroMls, 285-287, 269, 386-367 
ertnoNis, 70-71 
eeliinoids. 474-477, 479, 482 
holothuroids, lGC-109, 177, 179, 160, 
164 

oi>hiiiroids, 629-622, 624 
llncinugloliin, holothuroids, 147 
ophiuroids, 607 
HaiUyit, 332, 334, 389 
Haplopore. 18, 22 
^oMromrfm, 113, 114 
Hawaiian Islands ccldnodcrms, 
aaterouls, 394-39$ 
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HawftliaQ Tsbnda ecbinodmns. MhinoicU» 

bn 

holothuroids^ 231 
opbiuroida, 070-671 
Heart urchiaK taet Spn^nne^'idat 
Hdioitlhasltr, 321 

IHaulfr. 247, 249, 3 1(», 343, 867, 390 
Hclinstcridae, 310, 343. 357 
H^liocidtiris, 505, 52^' 

Heliomffn. 97. 113. U4 
4R7, 513 

HeihmifterMUe. 543. oSd 
IhmicyMilrs, 81. 34 
Hrmienryoir, 047 
1 1ctii iru ry n I i< I ;ii*, 0 1 7 
Hemizoiiulu. 13. 321 

2bi>, 269, 201, 274, 27ii. 277, 
280, 262. 284, 2K:), 286. 269, 291. 297, 
2911, 305. 3;J7, 348, 349, 354. 391 

4bTiimphro<Uti»iM. ii»tvn»ulA, 287 28 k 
erltinojcU. 47M 479 
UnlolhurniOM, 173. I'ii. 184. 186. I'^S 
<>|ili turn ill:*. 023 (i2.*) 
fl' VnHiidroh^H. 12 1. 12li. 427. I2'.» 

fltliroitielrti, 91 

HHmi«ti4ei., 7, U, 12, 17 19. WU. 702 

llettnuoiiitiit. 3<iH 
lliiiu*r<)it\(4rkilji<‘. 91 

lhi>,Ht»hnu, 207. 269. 271, 332. 837 

iliHliM'tdariit, 1 1 7 

IliHiorimil. 1 

Holeetyjxiiihi, 13, 105, 630 m 571 » 
HolftiyttiiK. 464, 5:41 

Holof'yntftrn, 20 

Holo/tuA, 98, 99 

llololhurut. 122. 12K. 1:40. 136, 149, 166, 
167, 1.5 A. 169. 103. h>0, 168. lihi. 170. 
172, 178 m, 18.5. \\r2. 201, 202, 291. 
205, 207,21 1 211, 210. 217. 219.220, 
222 221, 227. 229, 2147. 2*38. 240. 2 II. 
243 

llololh«irii<lai’. 102, 2<0) 

H<ilolliuRnili>;k. 121 214 
jtp|K*nilage«, 120 l'M\, 134 
Mm V lor. 2(17 2I8 
l)tolof(inil R'blioiin. 23l» 214 
iKKly w nii. 132 134 
rluMHilicalion. 9-19 
I’ocOum. I 14 1 17 

definition. 121 

dlK<**»ivi- svslcm, 158 102, 164. 166 
168, 170, 177, 179, 160 
diKlnbiiliou. 2:U) 230 
tnibryology, I8l 189,190.193,196.199 
enibiskidetOh. 134-138 
eNU'rnni l•hanw'U•r8. 122 132 
haemal ay stem, 100-169, 177, 180, 184 
mniteMlar syatom, 133-134. 149 
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Holothuroid<>a, nervous system, 140-142 
phylogeny, 700, 70J 
phvaioloftv. 21^230 
repnxluclbn, 171-181. 184, 186, 187 
sens** organs, 142-144 
svsteinatie aeeoutil, 188 200 
WK ter- vas<’Mlar system, 150-158 

/ioiimfvphiuro. 052 

fi •nifnn'St'f* r . $16, 322 
88 

llybrnliZBtioii. 100, 58] 

Hv<lroetH4 i»er Krnbryolntfy) 
IIy<lropbnriil(*H. 27 
Hyclfojiore, 4, iV.Ci 

I See atw ]‘ 4 nlirvol<>K.v> 

Uydrospire, 24. 26. 2^< 

Uygrotamrt, 422, 587 
//gmeirdsfer, 2.^>. 202. 297, 349. 362, 102, 
405 

nvorrihUhe. ]<K1. 112 

/lyorrtHut. 37. ,53. 100, 113 
ttyffhahtUr, 287, 325. Kl2 
Hyponeural n<Tvnii« «y»teiii, 5 
Axlerukis. 272 
crmoi'U, 02 
eebiiiokis. 4.57 
ludolhiiroi(l«. 1 12 
opliiumkb, IHKi 

Hv^Miueural sinuK. HO, 144, 704, 705 
M vfMJsy gal. 58 

It y px/r rh i n mx , 1 8<i 

Ihaduhsta. 7, 87, 86 
Incln'lbeifie eebinodcrniM. uxteroids, 

393 394 

rrinonK 111 112 
(‘chinoids, 509 572 

holatbiiruHlK, 2^10 

uphill mb Is. 609 071. 081 
InlcrmnlMilnmim, 4 
Inlerbrnehinl M>pliim. 2li2 

InlerncKle. 33, 3U. 64 
Introvert. 1*20. 18K 
Irrcgubirifi. 13, 417 *422. 531 548 
I.<ocrinul:i. 92 94 
leocrinMbie. 92 94 
tsocfiitHif, 9 1 

7aemefrri, 69, 75. 86, 87, 113 
i$otinUiy"'. 512 
/soro;>5r/x. 34 

Japftiiesc tyluiKxlerms, asteroids. 393 
erinoidf, 112 
iThinoubf, 571 
liulotlinroids, 232 
ophiuroids, 070 
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Kamp'jlusU} , 293 
Kcmpomctra, 7o 

Korguulcri cclunodcrms, asteroids, 401 
orhitioids, 57« 
holothumids, 2;55 
upltiuioidx, 07H 
KoUja. 141, \\U, luo, 203 
Korft/iruMir. 338 
Korollinistoriihir*. 338 


iMhidiusUr, 247, 266, 345 
LnbidiastmtKip, 345 
iMhithphx. 145, 175, 182, 180, 198, IM, 
206> 215, 2n 
l.nbrum, 419, 152 

Lafliiioijonr, 1!>4 

l.nRanianc, 328, V.U\ 530, 837 
Liitfiinum, 429, 13 », 530, 637, 08« 
f.tHHprn/u>ifii, 73 
Uilicct phito, *28 
l^nrisc's norw, 272 

l.aiiUTn of Afwlotk, 415, 402 407, 469, 
400, rm 
I.iippols, 41 

I nil lift rji|)nrily, astvroUls, 373-374 
ophiuroids, 00,5 -IICG 
Lcp/tfhrrimifa, 27 
Lrp'ilocliti, 321 
l^piihgUr, 321 
f.rpuitiMlrrjlu, 321 
Lcpi<lo<Tiitridiir, 5)0* 512 
l.i'pidocnimiulu, 10, 51K» 5l2 
LfpiiiiHlifi'tiK, 29, 34 

Ufittinfrriax, 246, 247, 287 289, 290 202. 
2114. 297, im. 3U5, 309, 311, 312, 340, 
349, 390 

LrploinHra, 97, 115, 117 

i:W, 143, 146, 15.5. 160, 170, 
173, 175, 170, 181, 18:1, 189, 190, 193, 
196, m. 208, 2(K», 210, 211, 21.5, 2:i9. 
240, 243 

/.rplpchasUr. 287, 293, 294, 320 
Lr/hfitlcrios, 346 

I.lulU, rcsponiw to, asteroids, 354 350 
cH no ids, 105 
eehinoids, 55 1 ••.552 
holothuroids, N4 
ophiiiroids, 002, 004 

l.iurkia, 249, 252, 266, 312 315, 317, :W4. 

:i49, 394, 396, 397 
Liiiokiid.ie, 249, 334, 342, 394 
I.oromotion, asteroids, 351, 370 380 
erinokis, 101-102 
t'chinoids, 550 
hubthurokls, 210-211 

ophluroids, 593, 057, 660 


Longevity, echinoids, d8S'589 
holothuroids, 237 
L<tphasUr, 338 

Lurnio, 434, 439, 476, 543, 646 

LweniepsiU, 21, 25, 27 

Loveniulae, 543-540 

|.ovcn’s system, 417, 453, 504, 611 

lAixxchitiux. ,“)70, 581, 587, 588 

LuiAia, 251, 266. 2C7, 269, 2U7, 301, 309, 

324, 327. 351, 3CD, 371, 407 
LiiiriiaAtfr, 329 

Liiidiidao, 250, 2G2, 2U8, 277, 287, 324, 

325, 327 

Luminescence, 667-008 
Lunule, 422, 426 
Lp*«stxriat, 290. 293, 340 
LpUfkinui, 480, 481, 626. 520, 55U, 551, 
583, 587 


Maerophreate comHtulids, 94-97, 99, 112, 
113 

Madn'poric body, 161, 162, 153 
Madreporic vesicle {are Dorsal sfin 
Nbidre(>oritc, 4 

Magellanic region, astemids, :i9ti 
ei'liinoids, 57C 
Ikolotliu folds, 234 
ophiuroNls, 077 
A/orHio, 543 
.\/arffino9irr, 334 
Marlunietridac. 94 
Marat paairr, 2^17 
MtiraHpifcK, 96, 9$ 

Marsupium, 69. 75 
Marthaaieriaa, 269, 271, 273, 274, 268, 
291, 314. 346, 351,354, 862, 303, :1M, 
388, 397, 401, 411 

Mechntiienl stunulution, astcrokls, 359 
301 

crinoids, 103-105 
ccliinokls. 552 
hoiolburoida, 212-215 
ophiiiroids, 602 

MeAiaafcr. 269, 287, 3211, 331, 3:i2, 399 
Moilitcrrancan echinwlenus, astoraklss 
392-393 
crinoids, 1 12 
cchinoids, 374 , 575 
hoiothnrokfs. 232-233 
ophiuroids, C73, 674 
Melanin, 503 

Afcltila, 422, 42B, 434, 466, 470. 481, 307, 
539, 550, 565, 5C8. 574, 588 
Mclonechinoida, 10, 515. 618 
MefonaehiHus, 618 
.1/fomo, 418. 420, 471, 482, 548, 550 
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Meridosteraoufl «patatigoi<ls, 63di 54(^ 
542 

Mcsocool, G02 
\ft90CTinus, 97 
\teiOcyil\s, 27 

MiSoih\iria. 148, l6ti 462, 171, IT3, 1$6, 
104, 2oe 

Mfipiliii. 603, 604, 606, 623, 526. 58a. 584 
Metncocl, 002 
Mctacriuui, 41, 64, 92, HU 
.1/r^^/a, 548 

MotaniorphosU, 096-607 
ualfroidH, 304, 305. 306 
crinoula, 78 82 
cchiiiokis, 408 5<ll 
holdiliurouls, 185, 188 
opKiurouU, l»ai 0117 

Micr<fC\iph>tt, .*)26 

Mtcroptinhn. 531, 572 
Mieropity<\. 616, 5 HI 
MioropyRiOuc, A’.W, 618, 510, 578 
Militiry gramdoA, ]'M\ 

MillpriiTihkln, 97 98, 112 
.UW/frif/'i R«a, 23, 97 
.Hipas^re/5j, 203 
Mid'a ou (u'hinOlOa, 588 
StUhrvlm. 838, im 
MithroiUuluc, :m 
.Voir«, 515, 647 

Molpoflio, 122, 126, 136. VMy. 117 HO, 
IU7, 109, 175, 107, 206, 209 
MolluMkM All ct4iin<M|rrinK, iiMtrrouls, 

108 111) 
uriimkU, 117 
oHkihoiiU, 58,5 *586 
hololliuniiiU, 2 10 242 
ophinroklM, 681 

Molpiulonia, 9, 122, 124, 120, 130, 132, 
lai, VMi. i:m, 1 10. 142, 150, 153, 154, 
158, I GO, 162, 167, 160, 107 108, 2:16 
.Xfini'ichot'riHun, 97, 08, 113 
M<>iioi’yi4ii: <’iilyx, 5:i 
MinUh friinio, 260, 263, 266, 6011, 605, 
606 

.XfiiiUria, io:i 

MiilliUruolliutP cnnoidu, 42, 43 
Miwlc pliyxinlcygy, 221 222 

Miij^cular syslpm, aslvrokls, 2(i8 -270 
crlnoiiU, 60 

pchmotilB, 436, 447, 461 
liolotimrokis, 133-134. HO 
ophiuroidi, 605*007. 610 
MyriiiaUchea, 512 
Myriulroohidao, 200 
MijriolrfKhua, 187, 200, 210, 241 
,)/ yiodtrtiut, 343 

MyzoslomfS, 115-117, 119, 408.68:1-684 


''nrtMpkiuraf 584, 088 
Xardoa, 334, 342 
.Vaumdc5ocr(nv4, 97 
SfttrckaaUr, 326. 329 
Ncmalmlc. in <v6inoi(ls, 584 
in o|iliiiimkls, 681 
\>o<*rrNif4. 54, 64, 70, 92, 108, 114 
N'ooUiii|ui(lUlap, 53:1 
Sfowvfpitoaitr, 344 

N*t*ocrH>rphaatorinap, :i44 

Sfoamilaattf. 2^13, 349 
SffMHfhia, 313, 33G 
NAphndium, 607 

KArvous ayaU'in. asteroids, 270-272, 274 
ennokiai G1-C3 
echinokJa, 455-457, 460, 462 
holothuroida, 140-142 
ophiuroida, G07''612, 615 
physiology of, asleroiils, 376, 378-:l80 
rrinokia, 10:1-105 
ccliinokU, 561-562 
holothMroids, 222 *221 
Aphnirouls, U65-48><i 

New ZcaUnd erhiniHlcrrnfi, AsterokU, 397, 
3l)‘l 

criiiuMla, 112 
eoMiioidx, 571-572 
ophiumida, 675*670 

NiduinfiitHl «*]iAmlH*r, 256, 294, 297, :182 
Xulorriha, Xi2. 334, :i90 
Node. 3$, 50, 5 1 

N*oiiermi>i<J iVlniutoaoa, 16 114, TiKi 
.V«4u«4rn«i4, 340, 366 
XoiiofrramHii, 329 
.Y«fondarf<, 48:1, 517, 620, 576 
Notocritiklar, 05 
VWriAw. 66, 75, 87, 95, 113 
Nolomyela, 15, 251, 270, 1127 
.VurfporriAVA, 32 
.VrtdrcAi Aua, 526 

Number of aprciw, nateroida, 247 
crinoids, 34 
ecliinokls, 415 

holotliiiroids, 121 
ophiuroida, 645 
.VympAnrirr, 332, 336 


Ocelli, asteroids, 271, 272, 278. 275, 356, 
359 

oehinokU, 457 
holothuroids, 144 
OdmeWfl, 266, 267, 294, 340, 356 
Odmia, 340 
Odwtlcster, 320, 330 
OdontostorUlae, 329, 930 
(Micophreata, 94-95, 99 
OUgophreate comafuUds, 94-95 
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01 igo porous plates, 447 
Oneirophanta, 194, 206 
Ophtodcsoma, 175, 198 
Ophiacaniha, 617, 025, 044, 6i6, <H7, 646. 

657, C68, 680, 683-680 
Opliiacanthiclao, C<I7, 670. 078, 079, 681 
('pliiarticbc, 640 

Opf.inrfitt, 595, 602, 6I1--613, 643, 646. 

648, 649, 663. 667, 600, 672. 687 
Opkiarachna, 606, 650 
OphiiirnrhufUn, 050 
Ophiarfhriini, 050 
OphidiasUr. 292, 334, 342 
Ophidiastmclno, 334 
Ophifrnus, 082 
Ophioeatiiax. (>78 

Ophioeftnops, 597, 614, €16. CIO. 021 
Opkiocentrus, 610 
Ophiareret, 623, 078 
Ophiochit&n, 650 
Opbiocluloiiidjif, 650 
Ophiochondnii, 647 
Ophioristiuiilon, 10, 080 091 
Ophiornfnii*. 087 

Ophinroimi, €9<l, 503, 598, 604. 606. 017. 

627. 043, 044, 650, 64U1, 602 
OphiocAiiiidno, 027, 050, 04)9, 670 
Ophiarowina, 604, 020, 628, tUM. 03 1, 638. 

050, 686, 000, (MU, 000, 007 
Ophiovoniff, (>50 
Ophiorrcn^*, 593, 054, 4>8I 
Ophmirn, 013, 025, 646, 652, 077, 086. 
088 

Ophiiyliiphnc, (i23 

Ophif^irnun, 595, 600, 614, 617, 020, C37, 
638, (UO, 050. 04^. (H>1, 4H>2, 664, 005. 
(187, (i88 

OphiodermnticUe, 050, 070, 672, 081 
Ophiodfsino, 144 
Ophiof/h/pka, 622, 624, 651 

(8cc Ilf no Ophiurat 
Opliiohdidoo, 654 
Ophiohflfix, 594, 698, 654 
Opkiolcbella, 025, 078 
Ophfolcbe/i, 647, 670 
Opitiolepiilidnc, 050-652, C7U, 078, 681 
Ophioiepi^, 892, 896, 606, 6:19, 052 
Ophiotnaslix, 59:1, 604, 656 
Opkiomaza, 115, 050. 087 
Ophiomfdcc, 679 
Ophiomitrella, 617, 624, 647, 686 
Ophioinusiuiu, 59:1, 896, 602, 606, 652. 

678, 688 

Ophiomyxa. 599, 662. 646. 647, 662, 684 
Opliiomyxidae, 645, 647, 670 
Op5ioner^)^, 627, 639, 646, 650, 658, 659, 
660, 66 1, 683 

Ophionotus, 625, 629, 642, 652 


Opkioperia, 678 

Opfiiop/tcfU, 626, 628, 630-032, 034, 630, 
€46, 649, 686, 664, 666, 667, 672, 673. 
675, 688 

OphiophtMirius, 688 
Ophiophyci$, 052 
Ophiopior, 650 
Ophiopitnlhora, 679 
Ophiopiintkus, 67$ 

Opkiopioens, G29, 683 
Opkioph/a, 647 
OpKiopIuteus, 626, 630, 0.32 
OphiopAila, 595, 5U9, 600, 644, 659, 6(i8 
Ophioplerit, 584 
Ophioptfron, 503, 898, 650, 679 
OphiopuB, 595, 049 
OphioBthtzn, 595 
Ophiosadfx, 023. €46. 647, 068 
OphiMpcrU, 678 
Ophiimphafrc, 585, 023 
OphioBiiba, 043 
OphiotkamnuB, €70 
Ophiotheta, 643, 050 
Ophioihoiic, 504, 654 
Opliiothriehidae, 593, 6.32, 649 650, 009, 
670, 072, 081, 088 

Ophiothrii, 503, 591, 698, 604, 606, 017, 
618, 023. 020, 628, 031, 032, €33, (i:M, 
638, 045. 646, 049, 686, OOO, 004 007, 
O&t, 681 
Ophiolomu, 047 
Ophioirtma, 079 
Ophioz^neffa, 652 

OpAiNro. 896, 597, 602, 604. 00.5, 606, 02.5, 
626, $30. 644, 646. 651. 052, (Um, 662, 
007, 072. 075, 070, 678. 689, 082, 
080-088 

Ophiiir.-ie. 15, 505, 616, (345-654, 701 
Ophiuroicioa, 589-089 
app(*ndnsr«, 593*5iM 
behavior, 057 -OCO 
hiologiral relntions, 082-688 
Ixxly wall, 599-001 
rlussirieadon, 15 
coelom, 010-019 
Jefinilion, 589 

digestive system, 614 
distribution. 008 682 
embryology, 626, 6:10-642 
eiido^cletoM, 601-695 
external clinncters, 591-599 
haem.il system, 620-622, 624 
muscular system, G03-607, 610 
nervous system, 607-618, 618 
phytogeny, 699-701 
physiotogx*. GOO* (308 
reproduction, 621-031 
s>*stema<ie account, 645*657 
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Ophiuroidea, water- vascular system, 611- 
QU 

Oral papillae, 507, 606 
OrbitrfmiUt, 26, 32 
OrchisUrias, 592 
Ornixifr. 2VJ. 260, 2l«. :m, 331. 

I >rcnstori(lo, 332. 339, 341 
• IrirntPtion, 4(». TW), 233. 417. l.Vl. 431 
/JmpAacTOinx, 26, 3(i 

Ortka/ilctui^. 343 

i>;4itio(tc rceuluMori. «<lc*rr»»h. iWt 
ccItiimiclH, 3IM 
!iololhuiH»i«ls, 210 T2** 

OKHicles, holutliMroMU, 134 
OUtiu'tirrtHue, 6$ 

l*iu'ifj< {\>a>«l uf N*ortli .\ri\mrji, afeU'CrtnU. 
3ft!) 31 K) 

irhiiioMU, 373 574 
holotliMroiiU, 731 
ophkuroiiU. 1*72 
/‘olofitdfMt'iia, 312 

342. 571) 

l*iiliteon(r>niti, 3 12. 544 
I'uWostoinikt .342 

442 

l‘Hhinit rtiMi, 321 
I'lkliiiurH, .37 
l*tiliniprM, 336 

l‘kiikiklkkik* rc’KKkkk, tk«ten>ikU. 31Mt 
k*<4»kUk>i<U, .573 
holotlkkiroikU, 2*31 
npikikirkkiilx, 071, OKI 
Wjkpkihic, 251,2.31, 265, 2(»7.2i»H. 271. 331. 
37.5, 3K2 

2.31, 265, 2im. ■Vi'* 

/‘iiftmuulinn, 1 1.3, 1 17. 149, 167. 1 7.3, IHii, 
m, I Oft, 207, 21K), 212. 214 22*3. 

223 227, 2 : 47 , 243 

. 446, 460, 461. 462, k7ft. 
Iftt). 1ft:), Ift*), Iftr. VM, 495, m. .32ft. 
510, .3.31, .3)>2, 3«0, 3RI, .3ft2, 38 » 

f*<iraiuiirttui, 6 * 1:1 
nut , ,520 

PkknksrkliikUkhir, 320 
l‘ur:k'i1i‘H, jk.»torok<Is, Mftl 411 
<'rkkk<fki1)>. 1 LV1 17 
cclkirkfkitb, .581 -.588 

1tfklotlkkkrkki<lH, 2:19 21 1 
uplkiiinmlM, (»A2-Gft0 
l^arasitistri in opUi\iroMLH, t'AT 
Parfifitichofiua, 17,3, 102, 211' P30. 2i:i 
p/ircn/croxetiofi, 241, 244 
ruliria, 201 , 295, 207, XIG. $46, 347, :140, 
38:), 383, 411 
Ptitiridh, 33C 
I’axillu, 251-255, 261, 330 


Taaillosa, 15, 254, 268, 325 
Pearl fuh, 243-244, 411 
Ptdin^Ur, 249, 266, 329 
Pectinate rhombs, 22 
Pectiiurhomhs, 22, 28 
PfHinym, 050 

IVtlin^llnriae, aMcroids, 262, 2.53, 2(H- 
2tiT. 269, 271, :)75-37f., 368 
ecliinoias. 414, 416, 416. 423, 430-431, 
483, 436, 437 440, 444, 446, 457, 
627, 550 500 
i’fHnyUo/Jtr, 343 
P«-<lacll:i4toniiac, 313 314 
P(>klmulai'. 310, 578 
Ptlo9otl»unn. VM}, 100, 107. 206, 207 
IVIatsothurioKlea, 107 
|S4 ch*v|mh1s. on eclkiiioulA, 58.5 

1)11 npbiurouis. I»8:i 

IMm:ilo*o;i, 6. IG-llO, 008, 700, 701 
Pil4tr>»hiirx. 122, 102, 104 
PilMtr. 269 , 2HT 

1*2k. 18$, 104 
3:)2 

PinOtcifut inff itrfuxhr' 

PiMlfiriinUen. .53, 02 01, 113 
IVtkincrmiiort. 02, ol. 96 
I’l.kkl^kk iklkOKl hirvki. 64, 83, K7 
pttiltirnn»4, 02 
PtHtmto, 101. 201 

IVularliilH, 188, 001, 1104 005 
lUtiifttitmadtr, 250, 200, 332, :i54 
IVkktniiiotrocrimdac, 9.5 
PrttlnmfirnrriHnx, 114 
PrnlreHutra, 24 , 26 , :io, :12 
t^rftfomualrf, 320 
P.nMatIrr, ;i38 
IVrM'osmiklue, 545 
iUrirfHfmus, 515 

l*fri<iutut(fa. 003 

Pvnetinthic Rlrdlo, 440. 405 
PcTilukCknul syslein, 270. 28.5, 477, 620, 
7C13 

Peripore, 22 
IVriproct, 417, 410, 461 
Perisninalic plutes, 60 
Pi*ritoiieuli), 45 

PfnzAHa, 122 

PerknaxUr, 330 

Pornkcnbility (see OHinutK ri'Rulation) 
PfrottfUa, 4 : 1 : 1 , 505, 684, 686, .585 
PtrxtphQnaafrr. 326 
iVinkoid nmbuUirra, 320 
/'<4rj'cio, 331 

Plkuncrosonia, 15, 246,240, 251, 253, 254, 
2.56, 258, 26t), 261 263, 204. 207, 294. 
320-33U, :10<», 701 
/^Aufkjne. 334, 396 

428, 429, 515. 587 
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Photo rocpp tors, asteroids, 271, 272, 275 
echinoids, 457, 450, 460, 558 
holotlmroids, 144, 146 
Photo t;ix is, asteroids. 354-:J59 
oohinoids, 551 552 
hoiothuroicis, 21G-217 
ophiuroids, (>0;i*t*<i4 
Phriromctru. $0, 75 
l*hi yno<Tiiiidne, 07 
Phru/iorrinui, 56, 9$, 07 
517 

Phyllodr, 419 
Phylloiihoricbe, J91 

Pki(U<tpfiorus. 126, 175, 181. 101, 203, 204, 
219 

Phylogett.v, C91'705 
Physiology, asteroids, 374-389 
erinohls, 108 
rehihohU, 558*54>9 
holothuroids, 218-230 
ophiiirohls, 006 068 
P'lfitKiifchinua, 540 
Pmnuinrs, 58 

Pinnules, 43 46, 47. 49, .>8 
/^ Wr^ 2<U, 266, 207, 269, 29!. 649, 367, 
:m. 385, 3H8. 390, 411 
J*lnruri/stia, 19 
PlfH/i»firiii8ua, 464, 46$, 643 
Plaiik'WhiiriH, 190 
PhiHtrori, 41(1 

Plutyiistrridn. 13, 311), 321 
I^lftfi/crinilea, 90, 91 
i*fr8irrhiHU8, 531 

P/raioflinthinn, 420, 431, 436. 618, 519, 

588 

Plfitrori/a/iita, 23. 27 
Pl<^xrrhiniis, 487, 540, 641 
Plulnis (see Prhinoplutous: OphicK 
plutcusl 

Plu/wasUr, 320. 327 
Podin, 4, 702 

aMerohls. 258, 263. 2C8, 271, 273, 376- * 
380 

crinoids, 44, 46, 48, 49, 67-68 
echinoids, 415, 419, 434-436, 410-443, 
448, 501-562 

Iiolothuroitls. 126, 150* (58, 1$1 
ophiuroids, 594-595, 000, GO I, 604, 606, 
660 

Poison spitioK, 428, 429 
Pol inn vesicle, 150 
Polintne/rfi, 113 

Polyeh.ietes, on asteroids, 407-408 
on crinoids, 115-117 
on echinoids, 585 
on holothurolds, 242-^3 
on ophiuroids. 68:5. 686 


Polyclad commensals, 584, 683 
Polynotdae, on asteroids, 407-408 
on echinoids, 585 
Poly porous plate, 447, 464 
Poiitaaler, 329 

Porania, 201, 297, 334, 336, 372 
Poraniidac, 334, 336, 344 
Poroniitmorpha, 336 
Poroniopsia, 337 

Poreellfinasier, 251, 267, 320, 322, 403 
Porcellanasteridae, 250, 251, 268, 277, 
320, 322-325, 402-403 
Pore rhombs, 22 
Postpalmars, 57 
Pourlctftia, 420, 421, 641, 542 
Pourtalesiidae, 418, 421, 540-542, 579 
Priniibrach, 57 
Prioneidaria, 517 
Prciaocrinua, 97 
Proinaeh^rtnua, 1(3 
Protfiniyra, 108, 243 
Proteroldaatua, 21, 27 
Proloeod, 692 

Protostcfnous spatangoids, 540 
I'rototoa, asteroids. 406 407, 409 
crinoids, 1 15 
eehinoids, 582-583 
hoiolhiiroHb, 239 
ophhirokU, 682*683 
Paaiidaaier, 294 

PacmmeehiHui, 461, 478 481, 481, 466, 
487, 489, 403, 496, 497, 499. 606, 627, 
528, 549, 553, 554. 565, .582, 585, .588 
Paeudarrhaafer, 320, 883, 412 
Puudechimya, 526 
Paetidoeetttrotua, 528, 583, 585 
Paeudoenenmia, 181 
Paendofnaretia, 543 
Pseiulopaxiilae, 250 
P$xndoatiehopua, 102, KM, 208 
Pailaater, 326, 370, 412 
IWidao. 138, 191 
Paott'dinm, 1^ 130, 178, 191, 201 
Paotua, 124, 127, 128, KiO, 138, 175, I7H. 

178. 183, 186. 187, 101, 205 
PapchpropcUa, 126, 12$, 161. 194 
Pterttaier, 248, 249, 256, 262, 263,2i*7. 330, 
351, 356, 30:1, 371, 402, 411 
PterBsteridae, 251, 256, 261. 204, 2(»:, 
3:18-340, 382-383, 405 
PUtoerinHa, 42, lUO, (13 
Pustulosa, 15, 322 

Pycnopodia, 247, 249, 231. 25:1, 2G4, 266, 
267, 201, 346. 354, 363, 368, 370, 388 
Pycnopodiinae, 346 
PypQaUr, 531 

Pyloric oaecu, 276 278, 279*282, 384-:i87 
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Radiwuridae, 3tMi 

345, 360 

Ray preference, asleroids, 351. 3o4 
eeliinoida. S51, 55G 
ophiuroids, 65“ 

Ray system. 8, 40, 2411, 417, 45;ij_S04, 611 

Ri-generalion, airteroids, 312 31 * 
irinoKla, 108 111 
oehi Holds, 50* 
holotluiroids, 20.'i 20*, 213 

opldurolila, Ct3 045 

Uopd..na, H> 13, 415 117, 5iili 531 

Reproduction, aslernidH, 2H7 it*, 
orinoiils, 63, * I * * 5 
pchinoj*l», 47r-48< 

bftlothurokU, 171 181. IB4, IW, 187 
opIduTonU, 02 1 tkil 

IlMpirtition, astvmids, ,i82, iOtt 
crinoliU, 70, 10R 
ecblnoi'U, U»t 105, .S<»7 
holothuronk 210, m 225 
op1u*jr»»»U. •'•<>0 W*7 

Krapirntory Irrc x, 1(*2 173. 222 225, 22'» 


l/fUiKhr. 330 

Uelc mindnlc, 107, 177, 813, 22.*), 228 
88 

UludxbxMK'l-, uj'ton^Kl*, 4U7 
erbiimiilK, 581 
ItolollmroMU. 2 10 

onbiuroidH, »‘h83 

nhMomotff'iM. 148 140. 164, 166, lOK, 

208 

llhipiiOH'iiili*. 10 

88, 50, W, 0" '.IH. 1 1. 1, IN 
Ubominferu, 7, 22, 27 
Rhombs, 18, 22 
fihopuluru, 1>83 
Uhopirlla. 203 
/{ItUurhttcuInri^, 483. 576 
UilcblitiK reaction, nsterokU, 51**3, ^106, 

370, 407 
rrinuiilH, 102 
ocbmoids, .551, 556 

holoibnrokb, 210 
fipbiuroids, 004 OOo 

Ro**b-lK)rinRO**binoUlH, .528, .VIO 550, 570, 
572 


U(H)t forms, crinonls, $3, 36, 'M» 
f(o/tu»lf~f. 287 , >(^ 12 , 886 
Uos*'Ue, 55, 6$ 

UoIIRt ui) hoiotburimU, 210 

Rotuln. 122, 427, 434, .Vtli, .575 


Secculc, 39, 4r», 48 .50, 62, Kl 
Satfni'i, 433, 461, 620, 322 
Salon ii<)ue, 431, 405, 620* 522, 32;i, 57S 
SohnociHanut 522 


Salisiiy relations, aateroida, 373 
crinoids, 106 
echinoida, 564 
hokothuroids, 218 
Salmncu, 483, 623, 526, 585 

Sand dollars isec Cly^ieaslroida) 
SffipbfrhitiHf. 53R, 5“ I 
Srhita^trr. 467, 47 K, 482, 545, 556 
Scliizusleridac, 51.5. 647 
32 

,8rA*rocj»/rjrrs, 584 
.SrAarA* rtia, 321 
Srferfl*/crMs, 310, 313, 340 

ficnlwlot't. 20<l 
SfotiUMirr, 330 
.Woonasse, 128, 1\»4. 208 
Scrobieulea, 445 

Seiitellldao. 4'28, 429, 530-WH, 574 

,'v<ypA©rf 86 , ’M> 

Se*'U«dil*fH''b. 57 

S<*nM’ oraniis. asU'ronU, 272 276 

vrillOHih, 

MiinouK 457, 450. 480 
bnlolliurokb. 142 I 1 1, 148 
npbmroidH. 611 

St'vual diinnrpbiaiii, n stem ids. 286 
itIhiiomU, 470 
opliiMToiiU. 623, 626 

017 

SiMirntli'x divert ieuU, 611, 812 

Siphon, 167, 560 
Sl*e, luilerokU. 253 
cfinoicU, 30, 42 43 
crhiiini<1ai 422 
liololhurokls, RM) 
opl»iMroi<l.<, 5U7, 500 
SmihAUrioi, 349 
Snail inrasile* (see Onstrnpods) 

2 17, 249, 381, 291 , 297, 298, 299, 
302, 3a3, 304, 365, 306, 338, 349, 860, 
309, 38:1 

Solaaleridae, 338, 360 
Sole, 122. 126, 127, 128 
Soila9in*i, 089, 890 
.Somaaleroidva, 818 319, 700 
Somaiocool, 092 

iSff lCrnl)ryo1ott>') 

South .\(ru*A ecliino«lorm8, asteroids, 397 
erhiriokis, 572 
liololhtirouU, 2:13 
,ophiuroMls. 670 *677 
Stnlanxidae. 543 

SpaianROwJa, 13, 419-421, 430, 431, 434, 
4:i6, 4.52, 453, 468, 405, 467, 408, 4/3, 
474, 477, 479, 4B2, 48:1, 486, 491, 538 
548. 555 .556, .571^ 576, 579-580 
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SpatandUi, 441, 442, 461, 466, 472, 475, 
543, 644, 555, 556, 562, 583-585 
Spawning, asteroids, 288-292 
crinoids, 73 

oehifioi k 4S;i-4HJ, 4ft5 
holochiiroid^i, 175 I Tit 

opldnroids, Ii25'6i7 

SiM toMino. 422, 515, 587 
Sphu‘<<hfu>'s. 436, 444, 466, 471, 476, 
478. 48:1, 487. 4i«. 627. 528. .W4. ‘>82, 
584 

Spimeridm, 431. 434. 437, 439, 440, 441, 
457, 561 
Sphiicrotiitrx, 27 
Sphnfioth’iria, 122. 127, 191 
SpiiiOR. n steroids, 2U2 
echirioicU, 415. 416, 121. 424-429. 432, 
438. 444, :>oH 5.59 

ophiuroids, 593, .594, 698, $00, IU>I, 604 
SpiriiiloRH, 1.5, 219, 251. 25(>, 2<i4. 2!>2. 

330-340, 701 
SpirjK'lo, 30 
Spongy hoilioM. IIU;! 

Spongy orpin. $4, 70 71 

I 12. I M. 146, 22.5 

Stfy/tpbiuru, 624, (*25, 627. 629. 652 
^HcilaAtrr. 332 
StrllfiRlmd, 381. 382. 700 
St (4 loro i< leu, 31U, 701 » 

^Ifphotifub ritia, 310. 349. 364 

StrrerhhuiH, 576 

SierfOfulftnA, ,517 

Sterols. 219, .381. 56.3, 6W>, 700 

Stcwnrl H orgnn.-, 439, 464, 517 

fitirhaA/rr/l<j, 297. 349 

Sti<4io|K>ili<lne. 192, 236 

SlirhopuA, 122, 128. 130, 1$1, 136. 161, 

1.5.5, 167, 170, 171, 175, l7Ji. 179, 182. 
192. 202, 204, 2tl5, 2t»7, 209. 210, 212, 
219, 220, 223, 220, 227, 229. 237. 

240, 2U, 243 
Sliro<lont. 465 
Stirudontn, 12, 322 .524 
Sto>MopufiKh», j 524 
Stomopl)cn^tidno, .521 
Stone vans 1 |.w Knil>ryol<icv: Wntcr* 
vusoulnr xvsteni i 

Sln^ptoH^MMidyloiix fiHiriihition. $06 

StromuforvAftf'A, 99, 34 
Strongyloerrilrotiihie. 46.>. .'> 2 ^ 52'-». .570, 
571, 383 

Slro/uj>florrn(r<>/ux, 424. 433, 444, 44$, 

451, 464, 178, 481, 469, 493, 527, 

.549, 550, .>54. 5<‘4 567. 569, .581. 5S2. 
584, .585, 587, 588 
StyluM<rias, 346 
Shjloddnns, 517 
Si jira foster. 320, 322, 403 


Sublaacet, 28 

SoQ stars (Solasteridae), 338, 350 
S^'nalJactidae, 192, 236 
S^nail/jeiut, 193, 194 
Synopta, 132, 136, 146, 198 
Synaptidao. 142, 143, 152, 158, 171, 173, 
186, 198, 205, 207, 240, 243 
Synaplul/i. 144, 146, 166, 175, 181, 182, 
188, 196, 198, 199, 207, 211-218, 226 
Synarthrips, 58, 69 
Synurthroftis, 58, 69 
SyndfsmU, .584 

Sytygy, 45 , 47, 51, 56, 58, 69, 108 

Tactile response (see Mechanical 
stimulation) 

Tafuioctis, 321 
Tof/iiftifyrus, I8|, 200, 584 
I'ursatUr. 343, 344 
TteknofrinuK. 90 
Teg men, 38, 39, 58 

TenmopleurkJar, 4&i, 492, 623 526, 570 
572, 574-576, 578 
7Vmnop4cNrua, 523, .526, 583 
Temnotrema, 52(> 

Ternjicraturo rex|K>nRr, luttcroids, 373 
crinoids, 10.5 -IOC 
liolotiuiroidx. 37S1 
Tciilaele sralcx, 595 
TeiilAcIcs {w l*o<liA) 

Terminal comhs, 41, 44, 94 
Terminal tentacle, asteroids, 251. 208, 

271 

crinoids, 85 
eehiiiouls. 457, 470 
Tertihraeh, 57 

Test, 417, 443 466, 46$, 609, 604. 606 

Tfthy<tsler, 287, 326, 327 

TholatsorrinuK, 1 00 

Tho/assomefrQ, 95 

Tlinlnseoinetridae. 95 

ThoHfnaicrrintts, 95 

Theca, 16, 70:1 

Thecoidea, 32 

Thtfha. 128, 130 

7'he(enoto, 238 

TMorofositr. 251, 32.5, 403 

287. 323, 326 

rAuonr. 124. 120, 129. 1 17, 162, 158, 164, 

175, 176, 181, 191. 204, 205, 207, 20lr 
211, 212, 210-219, 221-223, 22.5, 227, 

229 

rh'/4>nep^HA, 178, 191 
Tn-'h-mann’s l>odl«*s. 274, 281, 28:i, 38i. 

013 

Tiedcinann’s diverticulum, 276. 385 
Tooth papillae, 597. 606 
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Tdiw, 35fi, 260, W. 332 

Toxicity, aateroids, 3^2, 4U, ♦i» 
echiooida, 428, o5i 

holothuroidg* 237-23S , 

437, 526-528. 

Toxopneiwtulae, 465, 625 528- .Mil, 5i<V 

575 . 

Tronmlodca, in ^rhmoi*^. ,i»» 
in opIuuroiUa, 

Trcpung, 238 
Tricho*lrr. 0^5, 655 
Tricimfllcridaf, (V21, 655 

Trichoinrlni, 113 
Tii\;onfiri<larif. 526 

rn>, m. 416, *|3 *W, 4M. 4«| 
459, 472, 4»l, 1HI. 627, ..HI. 

V'ripyi«*, 485, .545, 5K5 
Trivium, n^tKonU, 24'* 

Poiimi>i<K no, \rA 

||olu^h\^r^^kI^, 128 
TrorhocufUlf. XU 
TrorKi/iitnuti. 2tHI 


TrochtxlMo, IHl, 2IKI 
Trnchoplion', 6^j7 
Trorhontoi/fft. 107 

Tr^iftiknsoma, 515 

Troiinlo4'fi»»», 26. 36 

TropholiiinfMt*^ 18.5, fj.W 
Trupiointlni. 73, 87, 101, Htt 
TropiNiiM*iri»lHf. o5 

T'lh’fhr. 307, 404. 10.5 


Ubiw'h’H nynUMn, 502 Wl5, 6U 
I'liilucnriidw, 08 
IfiHinrriinit, H H 
rmanillUlaf'. axU'roulx, 107 
m rcliinaulu, 584 
iti KoWitIkurokI", 240 
in ophinroidj*, 08^4 

C'aiHcnal arma, 57 
I 'rMlerelh, 321 
Urwhinidn**, 540, 5714 
rrerfcinH«, 688, 540 
KWm. U5, 147, 149 


yalr9tt€r, 338 

VnlvaU, IS. 320 
Vfaiibuk. crinoida, t6, iS, 79, 8i 
^hinokU, 404. 498. 499 

lioUjiburokls, 183_ 
ouhiuroidA, 642, “iW 
Vibmlilc Spines, 262, 205, 326, 421, 438. 

446 

ViUfhruHtititft 816, 310 
VifRaUn, 310 

Viv,,MirUy, asleroHs, 202-20., 289, .III 
rrmonU, 69, 73. 7.5, 8. 

Jmli.ll.nrokU, 175. IrO, 184, 199* 3®’ 
6*1 63l.6;l0-642, 64*. 
640, 652 


A * A 




iVtiWOdMr*/*, 34 

\Vui<*r*>»***Mlac ftvslcm, 4, U04 606, 

702 703 

27 1,281 284.206, 38<I 

vr*nai<l'. 66 i>8 
ccl.inonK 168*473, 567 56H 
lu»l<iiliH>oi(U, 150*1,58 

opIkiuroMU, 611 816 

WiM linlii**, Mieroids, 3116-307 
rriimHU. 112 
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